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ORIGINAL ARTICLES 


ON THE PRESENT STATUS OF THE ABDERHALDEN REACTION 
AND OF THE THEORY OF THE SO-CALLED 
ABWEHRFERMENTE* 


By J. PronFeENBRENNER, Pu.D., Pittspurcu, Pa. 


i one of the papers of last year Oeciler and Stephan' after having reviewed 
the work of different authors as well as on the basis of their own experi- 
ence with the Abderhaiden Reaction, came to the following conclusion: 

“We think that further progress in the study of this subject is possible 
only on the condition that we throw overboard without hesitation all the clinical 
results obtained with the Dialysis Reaction up till now and begin the study anew. 

“One must openly admit that, in spite of the fact that this method can 
give and has undoubtedly given under certain conditions biologically true re- 
sults, the exact study of the subject is impossible because the errors in the re- 
sults are fundamentally connected with the very technic of the method.” 

Whoever has had experience in performing the Abderhalden Test for diag- 
nostic purposes in a routine laboratory wiil undoubtedly accept at least the 
second part of the above statement. Moreover a number of investigations 
originating from different laboratories continuously increase the evidence against 
the very nature of “Abwelirfermente” as understood by Abderhalden. 

In spite of the fact that among those who were unable to confirm Abder- 
halden’s findings we see the names of men very prominent in the field of re- 
search in immunity, Abderhalden usually attributed unsatisfactory results ob- 
tained by these investigators to the fact that they did not use all the necessary 
precautions prescribed by him for the carrying out of the test. 

Abderhalden actually says that one should not attempt even to discuss 
the practical value of the test or its theoretical basis so long as one is unable 
to obtain satisfactory results in preliminary tests. He begins one of his articles? 
by saying: 

“A method, whatever be its nature, can give comparable results in the hands 

*From the Research Laboratories of the Western. Pennsylvania Hospital, Pittsburgh, Pa. 


1Oeller and Stephan: Deut. Med. Woch., 1914, No. 31, p. 1557. 
*Abderhalden: Munch. Med. Woch., 1914, No. 5, p. 233. 
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of different workers only after each individual investigator has mastered the 
test so as not to obtain contradictory results.” 

Abderhalden is quite right in what he says, but the main trouble with 
the Abderhalden Reaction is, that on account of its very nature it is impossible 
to obtain always results free from contradiction until the true nature of the 
phenomena involved is better known. 

In the last two years I have conducted with my collaborators a number of 
investigations into the nature of Abwelirfermente of Abderhalden, as well as in 
the mechanisms of the Abderhalden Dialysis Method for diagnosis. 

Before relating our results | would like to describe in short the principles 
involved in the test. 

The experiments of Weinland* have shown that the parenteral introduc- 
tion of cane sugar is followed by the appearance in the blood of experimental 
animals of a specific ferment of the nature of invertin. Later, especially the 
experiments of Abderhalden and his numerous collaborators, have suggested 
that this apparent production of a specific enzyme following upon the parenteral 
introduction of foreign material is an expression of a general mechanism of 
protection on the part of the invaded organisms, and the ferments were accord- 
ingly called “Protective” (Abwehrfermente ). 

According to Abderhalden these ferments are strictly specific. They can 
be demonstrated in the blood of experimental animals within 24 hours* after 
parenteral introduction of foreign substances and are quite independent from 
antibodies which may be produced simultaneously by this treatment of animals. 
In fact, the experiments of Weinland and of Abderhalden and his pupils seein 
to show that the production of specific ferments is an even more general proc- 
ess than the production of antibody. For whereas antibody can be demon- 
strated in the cases of parenteral introduction of substances of animal or plant 
protein origin only, provided this protein is foreign to the species, it is claimed 
that the specific ferments have been demonstrated not only upon the parenteral 
introduction of such substances, but also upon that of proteins of homologous 
and even autogenous nature, provided these substances are foreign to the blood 
(“blutfremd”). Moreover the parenteral introduction of substances like gel- 
atin, pepton, cane sugar, or casein is proved by the Abderhalden school to pro- 
duce specific ferments capable of attacking said substances both in vitro and in 
vivo. Thus the group of substances which can play the part of antigen in the 
production of antibody is included in that of the substances capable of causing 
the production of specific ferments, but is only part of it. 

Another apparently fundamental difference between the nature of anti- 
bodies and specific ferments is the mode of their action. The antibodies, al- 
though directly responsible for the specificity of the protective processes in the 
body through their property of anchoring the antigen, do not in themselves 
present any active principle, and it is to the complement that Ehrlich and his 
school attribute the property of acting upon the antigen. The protective fer- 
ments of Abderhalden, however, are assumed to possess the property of directly 
digesting the antigen, and it is on the appearance of the products of such direct 
digestion in vitro that the diagnostic method of Abderhalden is based. 


S3Weinland: Zeitschr. f. Biol., 1907, p. 279. 
*Abderhalden: Abwehrfermente, 4th Ed., 1914, pp. 77-78. 
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The fundamental principle of the test is thus as follows: If the serum 
containing specific protective ferments is brought in contact in vitro with the 
substance which stimulated the production of given ferments in the body of the 
donor the ferments attack such substratum. ‘The digestion, which results, is 
characterized by the appearance of soluble split products exhibiting the prop- 
erty to change the plane of the polarized light as well as the ability to dialyse 
through animal membranes. 

Accordingly, Abderhalden suggested two procedures for the detection of 
digestion taking place in the test; (1) the so-called optical method, necessitat- 
ing expensive apparatus and therefore, less widely used, and (2) the so-cailed 
dialysis method which is almost exclusively used in the diagnostic work and 
consists in the following procedure. 

Serum of the patient in whom the presence of protective ferments is sus- 
pected as a result of possible invasion of his blood circulation by foreign sub- 
stances (syncytial cells, cells of malignant growth, bacteria, etc., as the case 
may be) is placed in a specially selected dialysing thimble together with some 
of the material (substratum) which is suspected to have invaded the blood. 
Such thimble is then placed in a container with the water and the whole is in- 
cubated in a thermostat. If the serum of the patient contains the specific fer- 
ment in question, such ferment digests part of the substratum and the soluble 
products of digestion penetrate through the wall of the thimble into the outer 
fluid in the container. The presence of such protein split products in the dialy- 
sate is further ascertained by means of a chemical reagent “ninhydrin” specially 
adapted for this work. From the findings of the protein in the dialysate, one 
concludes that the digestion must have taken place during incubation. 

Experience showed, however, that the test may be rendered valueless through 
even a slightest deviation from the rigid procedure. ‘The most insignificant de- 
fect in thimbles or other parts of the apparatus or technic constitute a great 
source of errors in the results. 

It is therefore essential that from the beginning co the end the technic pre- 
scribed by Abderhalden must be followed in all details. In our experiments we 
followed the procedure described by Abderhalden in numerous publications and 
added to it in a few instances some improvements in details provided these 
changes were directed towards the ends emphasized by Abderhalden himself. 
Thus, for instance, we included all the suggestions we could find in the direction 
of freeing the serum of hemoglobin, freeing placenta of blood, preventing bac- 
terial decomposition of the contents of thimbles, rigid control of thimbles, uni- 
formity of boiling with ninhydrin, ete..—all of which improvements are thorough- 
ly in accord with Abderhalden’s conception of the method. 


TECHNIC OF THE ASDERHALDEN ‘TEST 


Serum.—lIn collecting the blood serum one must guard against the follow- 
ing sources of error: 

Since the test depends on the appearance of dialysable ninhydrin reacting 
substances it is most essential that such substances should not be present in the 
serum before its incubation with substratum. Fortunately in normal cases the 
amount of such dialysable substances in the blood is too small to complicate the 
test, but under certain pathological conditions in which protein katabolism 
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is involved (such as in cases of abscess formation, resorption of exudates or 
transudates, hemorrhages, etc.) the blood may contain considerable quantity of 
such substances. On the other hand even piysiologically the amount of dialy- 
sable protein constituents of the blood is largely increased during and some time 
after the active digestion of food. The blood is therefore taken as long after 
the last meal as possible. And as for the pathological ccaditions in which the 
increased amount of dialysable protein constituents cannot be regulated at will, 
it is necessary to free the serum of such substances by a preliminary dialysis 
and only after having the serum so prepared, one can perform the Abderhalden 
Test, otherwise the test is not reliable. 

It is very often emphasized by Abderhalden that the serum be absolute!s 
free from hemoglobin.” This is of especial importance in the optical method 
of diagnosis. As for diagnosis by the method of dialysis many authors have 
stated that the presence of hemoglobin in the serum often causes nonspecific re- 
actions.® 

If the serum contains red blood cells, even in a very small quantity, the out- 
come of the testis subject to doubt because such celis undergo hemolysis when 
the outer fluid penetrates inside the dialysing thimble and the hemoglobin as 
well as some of the other soluble protein constituents of the cells may cause 
the dialysate to react with ninhydrin in a nonspecific manner. 

In short the procedure of collecting the serum for the test is as foliows: 

In cases of both pregnant and normal individuals 20-25 c¢.c. of blood 1s 
withdrawn aseptically preferably before breakfast from the median vein of the 
arm. <A large Luer syringe and a large lumen needle are used for the purpose. 
The syringe and needle are sterilized by boiling, and allowed to dry thoroughly 
before use. Immediately after collection the blood is transterred from tie 
syringe into sterile centrifuge tubes coated on the inside with parathn and cen- 
trifuged at high speed; the serum is separated from the sediment by means of 
a sterile pipette and placed in a second sterile centrifuge tube for a repeated 
centrifuging. The clear serum is then separated and placed on ice until the 
time for using. 

Selection of Thimbles.—I\t is known that colloids do not penetrate ani- 
mal membrane. All natural proteins being colloids therefore are not dialysable. 
The slightest digestion of preteins, however, yields soluble substances, pep- 
tones, which are able to dialyse. If thus a natural protein, which is nondi- 
alysable is placed inside of an organic membrane surrounded by water and is 
acted upon by a proteolytic enzyme, the natural protein is changed in the proc- 
ess of digestion and its split products (peptones, amino acids, ete.) character- 
ized by their ability to pass through the membrane, appear in the fluid sur- 
rounding the membrane. This can be ascertained by a biuret reaction applied 
to the dialysate. This selective relation of organic membrane to true proteins and 
their split products is made use of in the study of ferment action in genera\, 
ie] 5In ‘order to avoid breaking down of red blood cells, one must not place the whole blood on 


ice nor in the thermostat because red blood cells often undergo hemolysis at low temperature and 
if placed in the thermostat, the cells may undergo autolysis, either of which will render the serum un 
suitable for the test. 

*In our experiments we were most careful to avoid the presence of hemoglobin in the serum, 
in spite of the fact that our experiments as well as those of other workers (De Waele, Munch. Med. 


Woch., 1914, p. 364; Lange, Berl. Klin. Woch., 1914, p. 785, and others) could not detect any marked 
influence of hemoglobin (in the amount in which it may be present in the serum as a result of par- 
tial hemolysis) on the specificity of the test. 
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and Abderhalden puts it as the basis of his Dialysis Test for detection of “Pro- 
tective Ferments.” 

It is evident, that the selective action of membranes is possible only on con- 
dition that the membrane is intact through all the surface of its contact with 
the natural protein. If, for instance, there should be even a slightest puncture 
in a membrane, the unaltered protein will go through. On the other hand, ex- 
perience has shown that among the membranes used in dialysis, there exist 
wide individual variations in permeability to dialysable substances. Thus, for 
instance, of the two apparently identical membranes, one may let through pep- 
tones with great case, whereas the other may let them through very litle or 
sometimes even not at all. It is evident that in cases when the dialysis through 
the membrane is to be made the basis for drawing conclusions as to the physico- 
chemical nature of substances within it, it is imperative to eliminate this vari- 
ability in the density of the wall of the membrane. With this in view Abder- 
halden has examined a number of different membranes and finally made _ his 
choice of dialysing thimbles made by Schleicher and Schull and designated by 
the number 579-A, These thimbles show a comparative uniformity as to per- 
meability by standard solutions of dialysing substances both of organic and in- 
organic nature. As the whole outcome of the Abderhalden Test, however, de- 
pends on this uniformity of thimbles as well as in their being free from me- 
chanical injury, it is essential to always ascertain these qualities in individual 
thimbles before they can be used for the test proper. 

Test for the Impermeability to Natural Protcin.—The new thimbles are 
placed for a couple of hours in cold distilled water until they are completely 
penetrated by it and are comparatively soft and pliable.” At this time each 
thimble is tested as to its efficiency on the one hand of holding back the natural 
protein and on the other of allowing the dialysis of soluble protein derivatives 
and split products with desired ease. 

As a substance to test the impermeability of thimbles to true proteins, Ab- 
derhalden advocated the use of a 20 per cent emulsion of egg-white*® or of ner- 
mal serum.” Before using, each thimble is quickly sterilized by a short im- 
mersion in boiling distilled water (about 30 seconds). In placing the protein 
emulsion in the thimble one must be always very careful to deposit it as care- 
fully as possible on the bottom of the thimble. This precaution is necessary be- 
cause if even the slightest amount of protein is deposited on the outer walls of 
the thimble, the test will not be reliable, since the whole egg-white as well as 


7It is essential to remember that at no time the thimbles are to be allowed to dry after they 
are first taken out for use. Dried thimbles are extremely fragile. In order to keep them moist, 
the thimbles are placed in a container with sterile distilled water which protects them also from me- 
chanical injury due to handling, as the water softens all the possible shock to which the outer jar 
may be subject. Besides, if the thimble is once used, it may retain a trace of protein on its sur- 
face, and in case it is allowed to dry, the protein is subsequently washed out only with great diffi- 
culty. Moreover, during the time while the thimble is drying, bacteria which it contains on its sur- 
face, in multiplying, may close up some of the minute pores, from which it is very difficult to remove 
them subsequently. 

All of these possibilities of injury to the thimbles are removed, however, if thimbles are prop- 
erly washed after their use and kept under sterile water in presence of an antiseptic. 


*It seems that the serum is more preferable in certain respects, because being more easily 
solyble than egg-white, it is easier removed from the surface of thimbles after their use by simple 
washing, whereas in case of the eggs, it is always necessary to use a soft brush and help the re- 
moval of protein by gentle rubbing during the washing. However, as the serum may sometimes con- 


tain dialysable substances, and thus may not represent sufficiently uniform natural protein for the 


purpose of testing the impermeability of the thimbles, we always erun 
against running sterile distilled water in presence of thymol, and use only such serum, freed of di- 


alysable substances, it might have contained for the test. 


are careful to dialyse such serum 


Q 
SIn making the emulsion he advises to use very fresh eggs and in addition to carefully dis- 
ecard all the gelatinous part of the egg-white, using only the part which is very fluid and uniform. 
| Infected erg-white will contain dialysable products of decomposition. 
| 
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the whole serum even in very high dilutions gives positive biuret or ninhydrin 
tests. It is therefore advisable in case of doubt, to rinse the thimble on the 
outside with distilled water, so as to insure the absence of protein on the outer 
surface of the thimble. ‘This is done by closing the open end of the thimbie 
between the tongues of sterile forceps'’ and pouring sterile distilled water 
from a wash bottle over it. The water must not be blown out from the wash 
bottle, for little by little the saliva collecting in the mouth-piece may penetrate 
into the bottle and contaminate the water both with bacteria and with protein." 
After having placed egg-white or serum in the thimble, one places the latter 
into a glass receptacle containing sterile distilled water, covers both the 
contents of the thimble and the water in the outside receptacle with a layer of 
about 0.5 ¢.m. of toluol and transfers the whole in the thermostat for 16-18 hours. 

In placing the thimble into the receptacle with water it is advisable to take 
care that the level of the fluid both inside and outside the thimble be the same, 
in order to prevent the evaporation of the water from the higher level through 
the wall of the thimble. 

At the end of incubation the outer fluid is removed by means of a sterile 
pipette and examined by means of the biuret reaction for protein.'* If the sub- 
stance within the thimble is free from dialvsable substances and if the thimble 
is of good quality, the result of such examination should be negative. 

In short, the test of thimbles for impermeability to true proteim is made as 
follows: 

New thimbles are placed in sterile distilled water. After one hour's soak- 
ing each thimble is quickly immersed into boiling distilled water (for 30. sec- 
onds }, cooled by rinsing with cold sterile distilled water and 5 ¢.c. of 20 per cent 
solution of egg-white’’ is carefully placed by means of a sterile pipette on the 
bottom of the thimble. In order to prevent coniamination of the edge of the 
thimble by protein, one may use the special funnel described by Malikjanz.'' 
Close the open end of the thimble by pressing it between the tongues of sterile 
forceps and rinse the outside with sterile distilled water. The ioaded thimble 
is placed into a glass receptacle of Jena glass containing suitable amount of 
sterile distilled water to rise to the level of the fluid within the thimble. Both 
the contents of the thimble and outer fluid are covered with a layer of toluol 
about 0.5 ¢.m. in thickness and the receptacle is covered with a small round 
glass plate.’ After 16-18 hours 10 c.c. of the outer fluid is withdrawn by 
means of a sterile pipette’® which is introduced to the bottom of the receptacle 


through the layer of toluol."* The dialysate is placed in a Jena test tube, 2.5 


“In selecting the forceps one must be careful to use only those with plain tongues, not in 
dented, so as not to injure the thimbles. For the same reason it is preferable to round up the ends 
f the tongues. 

"According to Abderhalden the saliva gives a positive ninhydrin reaction even in dilution of 
1:1,000,000 with distilled water. 


“Although in the test proper it is preferable to use ninhydrin for detection of protein in 
the dialysate, in case of testing the thimbles for impermeability to true proteins, it is preferable to 
use biuret tests. The reason for doing so is that the biuret is more sensitive to unchanged or very 
slightly changed protein, whereas the ninhydrin test is especially sensitive to the products of ad- 
vanced digestion of protein, but less useful in early stages. (See Abderhalden, 4th Ed., p. 217.) 

™One can use instead, normal serum, previously dialysed against running water. In this case 
one uses 2.5 c.c. of serum and dilutes it with salt solution up to 5 c.c. 

“Malikjanz: Munch. Med. Woch., 1914, No. 23, p. 1287. 

“This is done to keep out the dust as well as to prevent rapid evaporation of the toluol. 

It is absolutely necessary to use a chemically clean pipette for each test and avoid even the 
slightest traces of saliva to reach the fluid in the pipette. 

"In order to prevent toluol from penetrating into pipette, it is advisable to close the free end 
of it tight with a finger while going through the toluol. The presence of a slight amount of toluol does 


not, however, seriously interfere with the subsequent test. 
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c.c. of sodium hydroxide solution of highest purity are added and the whole 
At this time one adds to 


is thoroughly mixed by shaking from side to side.' 
the contents of each test tube 1.0 ¢.c. of a 0.2 per cent solution of copper sui- 
phate, taking care that it should run along the wall of the test tube, which 1s 
held for this purpose in an inclined position. In this way the two solutions 
remain superimposed and in a short time there wili be a more or jess intense 
violet or pink coloration at the ring of contact of the two fluids if the dialysate 
contains protein and in such cases even the slightest trace of coloration in- 
dicates that the thimble must be discarded. In case however there is no colora- 
tion at the end of thirty minutes one may conclude that the thimble is imperme- 
able to protein (unchanged) and may be used for the test provided it is per- 
meable to derived proteins." 

ach thimble which is found impermeable to natural proteins is cleansed 
by means of a soft brush and left in running water. After one hour the thim- 


i were’ 

fay 
i¥ 

Fig. 1.—Apparatus tor washing thimbles ino running distilled water. Dialysing thimbles are 
seen at bottom of receptacle. (Abderhalden’s Abwehrfermente, 4th KEd., p. 220.) 


bles are transferred to distilled water and washing is continued until it is rea- 
sonable to believe that every trace of protein is removed.*" Such thimble is 
then again immersed for about thirty seconds?' into boiling distilled water for 
the purpose of sterilization and the whole procedure is repeated exactly as in 


Sometimes at this point the solution becomes turbid, but this does not interfere with the 
test. It is essential to shake the fluid and not to mix it by closing the mouth of the tube with a 
thumb and tilting it over, for in doing so one introduces the substances from one’s skin, which may 
give the biuret test. 

WWe found it very useful to use the precipitin reaction as recommended by Abderhalden for 
determination of permeability of thimbles to natural proteins, but of course for this test it is al- 
ways necessary to have on hand a specially prepared precipitating serum, which is not always pos- 


sible in diagnostic laboratories. Especially in cases when biuret gives doubtful results such control 
test is of value. 
This is done in a specially constructed apparatus (see Fig. 1). If the water resulting from 


the washings of these thimbles should be examined at this time for protein, it should of course give 
negative reactions. 

10ne has to be careful not to boil the thimbles longer because boiling changes the physical 
properties of the texture of the thimble. 
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the case just described, except that instead of egg-white or serum one uses 

c.c. of a 1 per cent solution of silk peptone (Hoechst) in distilled water, which 
is placed in the thimble with all the precautions mentioned and dialysed against 
distilled water. At the end of dialysis of 16 to 18 hours in the incubator one 
removes carefully 10 c.c. of the dialysate as before, only at this time in addition 
to the biuret test also the ninhydrin test is performed. For this purpose one 
introduces in a clean dry test tube 0.2 c.c. of a 1 per cent solution of ninhydrin 
by means of a carefully calibrated 1 c.c. pipette? and adds to it 10 c.c. of the 
dialysate withdrawn trom the container with the precautions just described, and 
the whole is brought to boiling. It is essential that the boiling be regular and 
the length of boiling uniform in all the comparable cases. To insure these 


a. Rilled stopper. 
b. Widened part ot 


the test tube. 
c. Test tube proper. 
a. 4 
a. Rilled stopper. es a. Fan. 
b. Widened part of the test sishvdrin sole- b. Bunsen burner. 
tube. tion and dialy- c. Wall of the bath. 
c. Mark showing the level sate. . d. Paraffin oil. 
of fluid (10 c.c.). fi. Axis of the ap- 
d. Test tube. paratus. 
Fig. 2.—Paraffin oil bath (Abderhalden’s Abwehriermente, 4th Ed., p. 233). 


two requirements one places in the tube a clean dry boiling rod*’ and continues 
the uniform boiling exactly for one minute from the time when the air bubbles 
first appear in the wall of the test tube.** 

Care should be taken not to allow the fluid in the test tube to run over dur- 
ing the boiling. As soon as one minute of boiling is over, the tube is removed 
from the flame and the boiling rod is withdrawn.** Reading of the results 


2One must he careful to deposit all of the necessary amount of ninhydrin solution on the very 
bottom of the test tube and not on its walls, so as to assure the presence of absolutely equal amounts 
of ninhydrin in all comparable reactions. 

“Boiling rods are very carefully washed, boiled in distilled water, dried at 60 to 70° C. and 
kept aseptically in a closed glass tube until needed for use. It is essential not to handle’ these rods 
always with sterile forceps. In drying, one must guard against overstepping the 


with fingers, but 
the wood may carbonize and the brown color diffusing into 


limit of 70° C., for at higher temperature 
fluid interferes with the reading of the color reaction. 

*The uniform boiling can be accomplished on an open Bunsen flame if at the moment that 
boiling begins, the tube is placed half way outside the flame, so as to allow only a small surface of 
the bottom of the tube to remain in contact with the periphery of the Bunsen flame. ‘This allows to 
and without the fluid boiling over. Wherever it is possible it is best 


continue without interruption 
f described by Oceller and Stephan (Deut. Med. Woch., 1913, p. 


to use for boiling the paraffin bath 


2505) and improved by Abderhalden (Abwehriermente, 4th Ed., p. 232), which allows to boil the 
dialysate of all the thimbles in one test at exactly comparable conditions. 
Boiling rods should be discarded each time, and new rods treated as described in the foot- 


note 23, should be used with each test. 
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shall not be attempted until the fluid is cooled, which at room temperature takes 
about thirty minutes. At this time one may notice that the intensity of colora- 
tion may vary with different dialysates. This is due to variations in permeabil- 
ity of the thimbles. The thimbles, which do not let through but very little pep- 
tone (which is indicated by a low intensity of blue coloration obtained by boil- 
ing of respective dialysate with ninhydrin) should be discarded as unsuitable 
for the test. Only such thimbles as allow liberal dialysis of protein derivatives 
should be carefully washed, sterilized by 30 seconds boiling and stored for fu- 
ture use in sterile distilled water. ‘The container in which the thimbles are 
stored must be sterilized before the thimbles are placed in it. In order to pre- 
vent subsequent infection of the thimbles it is advisable to place a few drops of 
chloroform in the bottom of the receptacle and a liberal amount of toluol on 
the top of sterile distilled water so as to bring the lower surface of the glass 
stopper in contact with toluol. When needed for use the thimbles should be 
removed by means of sterile forceps and with all the precautions necessary to 
avoid bacterial contamination of the contents of the receptacle with the thim- 
bles. After using, each thimble is washed with all the precautions described 
above, boiled again for thirty seconds and replaced in a receptacle with other 
sterile thimbles by means of sterile forceps.” 

Substratum.—Inasmuch as the protective ferments are supposed to be spe- 
cific, the ideal substratum would be represented by a pure protein. In practice, 
however, this is possible only in exceptional cases mainly in experimental work, 
as in diagnostic work, we are dealing with organs which are a conglomeration 
not only of different proteins within the cell, but of most different cells with- 
in the organ. In order to approach the ideal, however, it ts evident, that the 
more the given organ is freed of nonspecific elements, the better. We will 
mainly consider the preparation of placenta substratum, as except for minor 
points the same procedure is true for other organs. 

First of all the tissue which is to be used as substratum, is to be freed from 
all the blood and lymph. Lange and Strooman** for instance, report cases 
where the patients having hematomata reacted with the substratum containing 
blood, but did not react with similar substrata free from blood, thus the pres- 
ence of blood complicating the question of specific digestion of tissue, accord- 
ing to these authors. 

It is advisable for the same reason to remove as much of the connective 
tissue, blood and lymph vessels, and in general, all of the nonspecific tissues 
as possible, preserving, however, all the specific elements of the organ. In cases 
where it is very important to establish an absolute specificity of the reaction, and 
where the absolute uniformity of substratum is impossible to be obtained, it is 
advisable to make a control using the contaminating tissues alone instead of the 
specific substratum in a parallel test. 

In order that the tissue shall present all its typical characteristics, it is very 
important to use only fresh tissues before any autolysis or bacterial decomposi- 
tion has set in. It is for this reason also advisable to discard the tissues of the 
cases in which a protracted agony preceded death. Also the tissues whicli 
came in contact with disinfectants should be discarded for similar reasons. In 

*It is advisable from time to time to change the distilled water in which the thimbles are 


stored and always refill with toluol so as to allow the stopper to come in contact with it. 
“Lange and Strooman: Deut. Med. Woch., 1914, No. 13, p. 635. 
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general, all the precautions possible must be taken so as to prevent any biologic 
changes in the tissues previous to their being used for preparation of sub 
stratum. As in the case of serum, also in the preparation of substratum one 
must be sure that the final product is free from dialysable ninhydrin reacting 
substances. To assure this, the substratum in the process of preparation is 
thoroughly extracted with boiling water until the water is absolutely free from 
ninhydrin reacting substances. Only such substratum can be used for the test. 
\s the preparation of substratum from fresh tissue takes from three to five 
hours, and as it is impossible always to obtain fresh tissues, and as on the 
other hand, it is impossible to preserve fresh tissues any length of time with 
out changes, it is necessary to find means to keep a supply of prepared) sub- 
stratum on hand. It is therefore very important to handle the substratum once 
prepared with the utmost precaution in order not to introduce bacterial infec 
tion. If this precaution is not taken the presence of bacteria in large amounts 
in itself introduces a complication of the presence of nonspecifte protein, and 
in addition, the infected substratum may develop soluble ninhydrin-reacting sub 
stances. 

Keeping the above considerations in view, one proceeds in the preparation 
of the substratum as follows: . 

The tissue is collected as soon as possible after delivery (in case of placenta ), 
after operation (in case of various tumors), or as soon as possible after death 
(the organs from the people killed in accidents are preferable to those dying 
from disease). In case of placenta the whole organ is carefully transferred to 
the laboratory, free blood is pressed from it and the intact organ is washed 
through the umbilical vein by turning running water into the blood vessel un- 
til the tissue is practically colorless. Then the placenta is carefully dissected 
and all the vessels and connective tissue are removed. The resulting placental 
tissue is carefully cut up in small pieces by means of a meat grinder and placed 
in a deep precipitating jar into which a large amount of sterile distilled water 
is added.** After a thorough stirring the tissue is allowed to settle out. The 
supernatent fluid is then syphoned off, the water is thoroughly pressed out from 
the tissue, and a new quantity of sterile distilled water is added, the contents 
of the jar are stirred up and the tissue allowed to settle. This is repeated sev- 
eral times until the examination of tissue under the microscope does not reveal 
any blood cells. At this time the tissue is practically white in color.** 

In case of lung tissue, the procedure is absolutely identical. As for the 
other tissues it is preferable to cut them in very sinall pieces previous to wash- 
ing, and still better, to freeze the piece of tissue and cut it up by means of a 
microtome into very thin pieces. Treated in this manner tissue of any struc- 
ture can be freed from blood. 

When the tissue is absolutely free from blood it is immediately coagulated 
by boiling. 

In order to do so a large amount of distilled water (not tap water) (about 


*Lange (Biochem. Zeitach., 1914, lxi, p. 193) advises the use of physiological salt solution for wash 
ing because the water leaves erythocytic stromata in the tissue. This was, however, not found neces- 
sary as no stromata could be found in the placenta tissue after good washing, in spite of careful ex- 
smination by many authors (Domarus and Barsieck, Munch. Med. Woch., 1914, p. 1553). 

Although the requirement is that the tissue be white which is very important, Abderhalden 
warns, however, against the use of decolorizing substances, like Hz Os for instance, for the white 

jor of the tissue is important, not by itself, but only as an indicator of the absence of the blood, 
which can be accomplished only by thorough washing. 
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one hundred times the amount of tissue) is brought to ebullition in a large 
enameled casserole (not a glass beaker) and the tissue is quickly immersed in 
the boiling water. One may add to the boiling water 1-2 drop of glacial 
acetic acid per liter of water to accelerate the coagulation.” The boiling must 
continue until the complete coagulation of protein (about thirty minutes). Af 
ter this the water is decanted*' and the tissue is transferred into another cas 
serole with the same amount of boiling distilled water. ‘The boiling is con 
tinued for ten minutes without further addition of acetic acid. Distilled water 
is thus changed 5 or © times, which usually suffices to free the tissue of all 
soluble substances. In order to see whether this is accomplished one transfers 
the tissue in a comparatively small amount of boiling distilied water (3 to 5 
volumes) and after a short boiling, 5 c.c. of this water is collected through a 
hardened filter into a test tube, | c.c. of 1 per cent solution of ninhydrin is 
added, and the mixture is boiled for one minute. 

lf the tissue is free from soluble protein derivatives, the contents of the 
test tube remain colorless.’ Ii there is the slightest violet coloration upon cool 
ing, it indicates that the substratum still contains some of the soluble ninhydrin 
reacting material, and therefore, the boiling in exeess of distilled water has to 
he repeated until every trace of such substances is removed. At this point the 
coagulated tissue is carefully exaimmed against a white background and all the 
particles of tissue which are not absolutely white are discarded. 

Now the tissue is ready for use in the test. It is boiled once more in or 
der to kill bacteria which might have been introduced by the manipulation and 
the sterile tissue is placed by means of sterile forceps in a sterile glass jar with 
a ground glass stopper. The laver of the tissue in the jar is covered with sterile 
distilled water and on the top of it one places sufficient toluol so as to allow 
the glass stopper to touch it and thus seal the contents of the jar. 

Above it was ascertained that the substratum does not contain ninhydrin 
reacting substances. However important this) requirement is, it is not less 
to ascertain that during this treatment, the tissue retains its 
property to undergo digestion by an appropriate specific ferment. It is neces 
sary to ascertain in other words that if the substratum in question be placenta 
for instance, that this placenta substratum can be digested by the serum of 
a pregnant individual.“ With this in view the tissue is placed in a dialysing 
thimble with normal and pregnant serum respectively and a regular test with 
all necessary controls is performed as is deseribed further. 

In most cases, if the above technic is carefully followed, and if placenta 
(or any other tissue) is carefully prepared, this test will show that the sub- 
stratum retains its property to react with specific serum by giving off dialysable 
ma *Some writers are not sufficiently clear upon this point. According to some of them one has 
to “add to the tissue 100 volumes of distilled water and boil for ten minutes.” In dojng so, one is 
really cooking and extracting the tissue (even though a small amount of acid is present) instead of 
quickly coagulating all the coagulable protein. It is essential to add the tissue to the water only 
after the latter has been brought to ebullition. 

S1f the amount of tissue is small, or in case one is dealing with bacterial substrata, it is ad- 
visable to centrifuge the boiled substrata before decanting the water, in order to avoid possible loss 
of material. 

It is important not to do it the other way in order to avoid the burning of the tissue on 
the bottom of the casserole. 


837f the tissue still contains soluble ninhydrin reacting material the contents of the tube would 
turn violet. 

One must always cool the tube after boiling under running water, because the ninhydrin re 
action, negative immediately after boiling, may appear upon cooling. 

“Another control is to be made to show that the same placenta is not digested by the serum 
of normal or of individuals suffering from different pathological conditions. 
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ninhydrin reacting substances, whereas it will not react with a normal serum. 
A still better test of the specific qualities of the substratum consists in the fol- 
lowing. A suitable quantity of the substratum is placed in a thimble with a 
specific serum and a regular test is performed. If the substratum is good, 
there will appear in the outer fluid in due time, ninhydrin reacting substances. 
Now one removes the substratum from the thimble, washes it very thoroughly 
from the serum with cold water and subsequently subjects it to boiling until the 
boiling water again gives no color reaction with ninhydrin, and finally uses the 
same substratum again for the test with a normal instead of specific serum. If 
in this instance the reaction is negative, the substratum is satisfactory. 

As for the quantity of substratum to be used for the test, it 1s evident that 
all depends upon the degree of care exerted in the preparation of substratum. 
lf all of it consists of specific elements, a much smaller amount will suffice for 
the reaction, than in the case, when most of the specific cells are washed away, 
in which case a far greater volume of substratum will be needed to supply the 
necessary amount of specific elements. 

The suitable amount has to be therefore determined experimentally by us- 
ing a given amount of normal as well as specific serum in parallel series and 
combining them witli varying amounts of substratum. ‘The largest amounts oi 
substratum will probably give positive reaction with normal as well as specific 
serum, whereas the smallest amount may give negative results with both sera. 
Between the two extremes will be a zone of quantities which are reasonably safe 
to use in the test. 

It is evident that the estimation of the specific value of substratum is very 
important and each new stock of substratum should be properly standardized. 

After the value of the substratum is established, it is ready for use in the 
routine test. 

From now on the substratum must be handled with the most rigid aseptic 
precautions. When needed for the test, part of the tissue is removed with 
sterile forceps and once having been taken out the tissue is never placed back 
into the jar. As the tissue is being taken out, the jar must be filled with toluol 
to take its place.** If kept and handled aseptically, the substratum keeps in- 
definitely. 

GENERAL TECHNIC 


Test Proper.— Beiore the routine Abderhalden test is undertaken, one must 
ascertain that all the apparatus, as well as suitable biological material and chem- 
icals are at hand. It is very important not to set out to do the test before every- 
thing is prepared, so as not to have to leave the work between the manipula- 
tions.*° As on the one hand the outcome of the ninhydrin test is very easily 
influenced even by the slightest presence of acid fumes, and as on the other 
hand the thorough asepsis is essential in all the stages of the test, Abderhalden 
recommends to reserve for such work a special light room, free from dust or 
fumes. It is essential that neither chemical nor especially, bacteriological work 
should at any time be performed in the same room. For the same reason it is 


SThis precaution is necessary to prevent any possible decay of small particles of tissue, which 
may adhere to the walls of the vessel. 

%One of the essential requests of Abderhalden is that before performing the test, the worker 
not only learns thoroughly the technic, but actually “lives through” the test, in other words a thorough 
knowledge of fundamental phenomena involved is absolutely necessary. (See Abwehrfermente, 4th 
Ed., p. 261.) 
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advisable to set aside an incubator for this work separate from the bacteriologi- 
cal incubator. 

For the reason that the ninhydrin test is subject to the influence of the re- 
action, it is essential to use all through the test glass which is as free as possible 
from alkalis.“* From the discussion of the nature of the test it is evident that im- 
purities are of no less importance. It is therefore most essential that all glass 
used in the test be chemically clean, as well as dry and sterile. 

The water used in the work must be distilled freshly and sterilized.**  Final- 
ly it is important not to undertake too much work at one time, because the test 
requires the utmost care and cannot be reliably performed in an automatic man- 
ner. Abderhalden therefore warns against performing more than 5 or 6 tests 
in one day. Some of his pupils, however, claim that only one test can be per- 
formed with all the necessary care and attention.”® 

Immediately preceding the test proper, it is necessary to ascertain that the 
substratum have not changed, namely that it is still free from soluble ninhydrin 
reacting substances. 

A portion of substratum necessary for the performance of the whole test 
with its controls, is removed from the container by means of sterile forceps, 
placed in a thoroughly clean and dry test tube, and boiled with 4 or 5 volumes 
of sterile distilled water.“ After about 5 minutes of boiling during which care 
is to be taken not to burn the tissue, one places about 5 c.c. of the water (in 
which the tissue was boiled) through a small piece of hardened filter paper into 
another thoroughly clean test tube and by adding 1 c.c. of 14 ninhydrin solu- 
tion and subsequent boiling (as described before) one ascertains whether the 
tissue is satisfactory. Even slightest trace of violet color indicates that the 
tissue must be re-extracted."! 

If the tissue is found to be free from soluble ninhydrin reacting substances, 
it is washed in sterile distilled water so as to remove any chloroform or toluol 
which it may contain and dried between the folds of sterile filter paper. Such 
tissue free from excess of water is ready to be used in the test. 

One places a desired number of tested dialysing thimbles in a correspond- 
ing number of thoroughly clean dry sterile Erlenmeyer flasks and introduces 
by means of sterile forceps about 0.5 gr. of the tested and dried substratum in- 
side of each thimble. it is essential that the tissue should all fall to the bottom 
of the thimble, so as to be able subsequently to cover it with serum. At this 
time one holds up the thimble with sterile forceps (not the same with which 
the tissue was distributed) and introduces 1.5 ¢.c. of patient’s serum so as to 
cover the substratum.*? Now the thimble is withdrawn from the flask, closed 
on its open end by means of long forceps** and washed with sterile distilled 
water to insure the absence of protein on the outside of the thimble. 

After having thus been loaded, and washed, the thimbles are placed into a 


*“Alderhalden therefore advises the use of Jena glass exclusively. 

*Commercial distilled water or spring water is unsuitable for use even after sterilization o: 
account of bacteria protein it may contain. 

y*®Schawlow: Munch. Med. Woch., 1914, No. 25, p. 1386. 
pail “Tf the substratum happens to contain large pieces, it is essential to break them up hefore the 
oiling. 

See discussion under Preparation of Substratum for further instructians. 

“Care must be taken not to allow even a trace of the serum to be deposited on the edge or 
the outer wall of the thimble. 

“Tt is a mistake to close the thimble between two fingers as recommended in some American 
texts and Abderhalden warns specifically against such procedure repeatedly. 
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new set of Erlenmeyer flasks containing each 20 c.c. of sterile distilled water,“ 
the content of the thimble, as well as the water outside is covered with a layer 
of toluol which would cover the greater part of the thimble (about 2/3 of its 
height) and the flasks are placed in the incubator having been covered with 
clean dry glass dises.* 

After 16-18 hours of incubation* the flasks with thimbles are removed from 
the incubator. Now each thimble is carefully withdrawn from the surrounding 
fluid and placed in a fresh (clean, sterile and dry) Erlenmeyer flask and the 
dialysates are examined for protein by means of the ninhydrin test. Namely 0.2 
e.c. of 1% ninhydrin solution is placed in each of several clean, dry test tubes 
of Jena glass, to each of them 10 ¢.c. of respective dialysates is added** and the 
mixture is boiled for one minute with all the precautions described before.* 


a. Erlenmeyer flask 
c Upper opening of the fun j 
nel, 
d. Lower opening of the funnel. b 


e. The brim of the funnel 
(cover). View of the glass funnel. 


i. Glass dise 


Fig. 3 Longitudinal section through the flask with funnel in place 


In order to be able to compare the results on the basis ef the intensity of colora- 
tion obtained with ninhydrin, it is essential not to allow any variation in boil- 
ing, for inequality in the concentration of fluids during the boiling may lead to 
serious errors in the interpretation of the results.** It is therefore advisable 


“It is best to sterilize the Erlenmeyer flasks with the water in them immediately before the 
test. Care should be taken to let the water cool to the room temperature before using the flasks for 
test In sterilizing, the flasks should be plugged with cotton, which is not to be removed until 
it is actually used in the test. 

“In connection with these manipulations Abderhalden calls attention to at least two possible 
sources of error 

First, in subjecting the thimble to washing aiter it has been filled, one can by mistake intro- 
duce some of the water in the thimble, which is extremely undesirable, because it disturbs the uni- 
formity of concentration, which is very important in dialysis. 

Secondly, since both the flask and the thimble are almost full, it may happen that in care- 


less handling the fluids outside and inside the thimble may become mixed, which destroys the very 
principle of the test It is therefore that Melikyanz suggested (Munch. Med. Woch., 1914, p. 1287) 
which fits tight into the thimble as well as over the edge of the Erlen- 


the use of a glass funnel 
mever flask and thus allows the filling of the thimble with substratum and serum directly in the 
flask in which dialysis is to take place, and at the same time obviates the possibility of mixing the 
(Fig. 3.) 

“It is up to the man who does the test to decide upon the duration of incubation, 16 or 
hours is about the best time, as it allows to make use of night hours. It is essential, however, in 
having decided on a certain duration of incubation to duplicate it exactly in all experiments. 

“Here again each fluid is te be withdrawn by means of a separate sterile pipette plugged with 
in general all the precautions described above in testing the permeability of thimbles are 


18 


cotton and 
to be most carefully followed. 

It may seem superfluous to call attention to the necessity of 
and test tubes with corresponding numbers so as to be able to identify the 


numbering the flasks, thimbles 
results, as the necessity 


of doing so is obvious. 
“This will be further discussed under reading of the results. 
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to boil all the tubes at the same time and with the same intensity, which can 
be accomplished by the use of an oil bath referred to before.*° 

Having performed the ninhydrin test in each of the dialysates of the series, 
one is through with the test. Now, after having read the results, one washes 
thoroughly each thimble in running co/d water, then in distilled water and af- 
ter a short boiling (30 seconds) stores the clean, sterile thimbles away in the 
container with sterile distilled water, as described previously, under toluol. 


OF THE DiaGNostic ‘TEST 


The peculiarities of the test discussed in previous paragraphs, its extreme 
sensitiveness to different conditions interfering with the proper manipulations 
and extreme importance of preserving the biologic ingredients of the test in 
good condition, necessitates a certain number of controls, which must accom- 
pany each test, or each series. 

First of all, as it was mentioned before, even previous to beginning the 
test proper, one must ascertain the fact that the substratum is free from soluble 
protein derivatives which by themselves could react with ninhydrin. In spite 
of the fact that only such substratum, which answers the requirement of being 
free from soluble ninhydrin uniting substances is used for the test, it is. stiil 
recommended to control such substratum again as follows: 

Parallel with the test proper, one tested thimbie is filled with 0.5 gr. of 
substratum”! and 1.5 ¢.c. of physiological salt solution, placed in an Erlenmeyer 
flask containing 20 c.c. of sterile distilled water, the contents of thimble, as 
well as the fluid outside are covered with liberal amount of toluol and in gen- 
eral the whole procedure prescribed above for the test proper is followed up 
carefully. 

Second control consists in ascertaining whether the serum is suitable for 
the test. As was stated above, the serum may contain varying amounts of 
dialysable ninhydrin reacting substances. Since the presence of these substances 
cannot be detected otherwise than by actual dialysis, it is necessarily parallel with 
the actual test to dialyse the serum by itself and if such control will show that 
serum contained dialysable substances, the results of the actual test will have 
to be interpreted accordingly (see below ). 

In setting up this control one places 1.5 c.c. of the serum of the patient” 
on the bottom of a tested thimble, introduces such loaded thimble into an Er- 
lenmeyer flask containing 20 c.c. of sterile distilled water, covers the contents 
of thimble as well as the outside fluid with toluol and generally repeats all the 
manipulations (including the ninhydrin test on dialysate) prescribed above for 
the test proper.” 

“In using the oil bath, the boiling has to be continued 3 minutes instead of only one minute 


as in case of boiling on a free flame. 
The quantity of substratum may vary slightly according to the outcome of preliminary stand- 


ardization. 

For each serum used in the test (the unknown as well as the known control sera) one must 
carry this control. 

Although separately each of these two control tests (on substratum and on serum) are usually 
sufficient to determine whether the ingredients contain dialysable ninhydrin reacting substances, 
some authors (quoted by Domarus and Barsieck, Munch. Med. Woch., 1914, p. 1553) claim that 
negative ninhydrin test on dialysate in these controls does not always exclude completely the pres- 
ence of dialysable substances. ‘They claim that owing to extreme dependence of ninhydrin test on 
concentration, the outcome of each test separately may be negative, whereas the combined dialysable 
both—serum and substratum—may give a nonspecific (summation) positive ninhydrin 


substances of 
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The third control consists in ascertaining that the substratum has retained 
its specific properties, nameiy that while not reacting with normal serum, its 
combination with specific serum will result in appearance of dialysable nin- 
hydrin reacting substances. It is evident that such control consists in two tests 
one in which the substratum is allowed to undergo digestion with known nor- 
mal and in the other with known specific serum. 

In performing these control tests one places equal amounts of substratum 
in each of two tested thimbles and introduces 1.5 c¢.c. of known normal and 
specific sera respectively in each. From now on one proceeds the same as in 
other tests—-namely, places the thimble in Erlenmeyer flask with distilled water, 
covers the contents of the thimble as well as the outer fluid with toluol and in- 
cubates until subsequent examination of the dialysate 16-18 hours later. Ii 
the substratum retained its specific properties and of itself does not contain 
soluble protein, the dialysate of the test containing known normal serum will 
give a negative ninhydrin test and the one with the specific serum will give posi- 
tive ninhydrin test.™ 

In short each series of diagnostic tests is to be composed of following in- 
dividual units: 


TABLE I. 


Ninhvdrin 


| Amou f 
Amount of \mount of fesults 
rhimbles.| Character of the serum used. of NaCl Solu- 
| tion. Expected 
1 (Test) ex. 0.5 gr. ? 
Unknown"? 
2 (Control) 1.5 c.c. Nezative 
3 (Test) 13 ec. 0.5 gr. Positive 
Known Specific 
{ (Test) 1.5 c.c. 0.5 gr. Negative 
Known Normal 
6 (Control) 1.5 c.c. Negative 
7 No Serum nite 0.5 gr. 1.5 c.c. Negative 


reaction. They offer therefore a very useful modification in controlling the test—namely to place 
before, serum and substratum in separate thimbles, but now introduce both thimbles into one flas! 
and eventually test the dialysate. 

Another way to exclude the possibility of summation reaction is suggested by Kjergaard 
(Zeitschr f. Imunitatsforsch., Orig. xxii, No. 1, p. 31). This author recommends in each case to make 
a duplicate test with inactivated serum and thus demonstrate that the dialysable protein in each cas¢ 
——- as a result of specific activity of proteolytic enzyme, and not from the combination of di 

sable substances of substratum and serum. 

“As stated before, each of the known sera has to be separately controlled in a thimble to 
show that they are free from dialysable substances reacting with ninhydrin. 

“The test with unknown serum is repeated with each of unknown sera and thus the thimb les 
1 and 2 may be multiplied as many times as demanded by the number of unknown cases. It is, how 
ever, advisable not to undertake too many examinations at one time. 

In order to avoid the error in results due to possible imperfection in technic which may pass 
unnoticed, it is advisable to make in duplicates the test proper (thimble 1 on the chart above) with 
each of unknown sera. 

The controls (thimbles 3-7 incl.) are set up only once with each day’s series. 

%In cases when one is working with substratum which cannot be obtained free from contami- 
nating protein, one must naturally have an additional control for the contaminating substratum. For 
instance, in case of substratum being bacteria, the whole series must he repeated with sterile cul 
ture medium instead of bacterial substratum; or in case of substratum being tuberculous lung tissue 
the whole test with all the controls must be repeated with the normal lung tissue in place of tuber- 
culous. 


| 
| 
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READING OF RESULTS 


General Considerations.—The occurrence of specific digestion in the thim- 
ble is judged by the appearance of dialysable protein derivatives in the fluid 
surrounding the thimble. This is ascertained as stated before by a ninhydrin 
test. 

The procedure of the ninhydrin test is purely empirical. It is possible 
that in the future a better knowledge of its intimate mechanism will result in 
the further improvement in its application. In the meantime a few facts known 
about it scem to be very essential to keep in mind if one desires to place reliance 
on the results obtained. 

First of all, as it was said before, the acidity or alkalinity of the media in- 
terfere with the test in giving atypical color reaction which may obscure the 
reading.** Such atypical reactions may in reality be due to impurity alone, but 
at times they may mask a true test which may be present at the same time. It 
is therefore imperative to repeat the test in all cases where the color reaction 1s 
atypical. 

Another extremely important element in this empirical test is the concen- 
tration. In this respect it is essential to control two conditions. First, the rela- 
tive concentration of ninhydrin in the media in which the protein is looked for, 
and for this reason the solution of ninhydrin has to be made very carefully ;°> 
it has to be, moreover, very carefully measured and placed on the bottom of the 
test tube, as mentioned before, so that none of it will be lost, and add to it ex- 
actly 10 c.c. of the dialysate in each test. 

Secondly, it seems that the concentration of ninhydrin reacting substances 
in the dialysate may cause a great deal of variation in the outcome of the test, 
and it is therefore essential to cover the contents of Erlenmeyer flasks (both 
within and without the thimbles) with toluol, so as to prevent any possible evap- 
oration and unequal condensation of the fluids in different tests. 

The two conditions mentioned above control the true relative concentra- 
tion of ninhydrin and the substances with which it gives the color reaction. 

Considering, however, the intensity of the final color reaction one must 
remember that there is still another factor which can influence it to a great ex- 
tent—the condensation in boiling. The mixtures containing the same amount 
of ninhydrin as well as protein will show the reaction of different intensity if 
one is boiled longer than the other. According to Abderhalden®® it is suf4- 


The color reaction due to the acidity or alkalinity of the media is usually reddish-brownish- 
yellow. One can judge better about the specificity of this color reaction where it occurs in ent 
centrated solutions, but when atypical color reaction is very weak it is often impossible to differentiate 
it from a weak protein test with ninhydrin. However, the difference can be made more evident. if 
one produces a normal ninhydrin test with protein and dilutes it so as to match the intensity of the 
color reaction which is in doubt. The comparison of the two color reactions in equal concentra- 
tions of color will disclose a true violet tinge in a typical ninhydrin color reaction, which is absent 
in an atypical one. 

In preparing the solution of ninhydrin from the dry commercial preparation one proceeds as 
follows: The cantents of a tube (0.1 gr.) are transferred as carefully as possible without loss or 
bacterial contamination into a measuring flask. Since the ninhydrin cannot be transferred quantita- 
tively, it is necessary to wash out the remaining substance by means of warm sterile distilled water. 
Ninhydrin does not go in solution very readily, unless in warm water; it is therefore advisable to add 
some sterile distilled water and place the flask in an incubator for a few minutes. When all of the 
ninhydrin is in solution one cools it down, fills the flask with distilled water up to the mark (10 c.c.) 
and places such solution on ice, till further use. Ninhydrin can be kept in solution fairly well espe- 
cially as only 10 c.c. of it is made at one time. In general, however, bacterial infection may destroy 
it as well as the excessive exposure to light—it is therefore necessary to keep it in dark flask and 
in dark cool icebox and handle it aseptically. 

*Abderhalden: Abwehrfermente, 4th Ed., p. 223. 
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cient that one of the test tubes be removed from the flame during boiling just 
for a moment, and it will show different intensity in color reaction from others. 
It is therefore advisable to use the oil bath, referred to above, and thus ascer- 
tain exactly comparable conditions of boiling for all the dialysates in the test. 

Considering all the factors which may contribute to obscuring the results 
of ninhydrin test, one must not forget that ninhydrin is very sensitive to even 
smallest quantities of protein and their derivatives (peptones, polypeptides and 
amino acids) so that even the slightest amount of saliva, perspiration, ete., which 
might be introduced in dialysate during numerous manipulations preceding the 
boiling with ninhydrin, may cause a typical, though nonspecific ninhydrin reac- 
tion.*° 

Finally in looking at the results of the ninhydrin test, one must never use 
artificial light. Each test tube must be taken out of the rack and examined 
individually against a white background both through the thickness as well as 


through the depth of the fluid in the test tube." 


INTERPRETATION OF RESULTS OBTAINED 


In testing the unknown serum (see Table I, Thimbles 1 and 2) the nin- 
hydrin test on respective dialysate may give one of the four possible combina- 


tions. 
Tasie TT. 
Character of the Dialysate. Color Reaction. 
Case I. The dialysate from the serum alone (control) Colorless (neg. ) 
The dialysate from serum and substratum (test) Colerless (neg. ) 
Case II. The dialysate from serum alone (control) Colorless (neg. ) 
The dialysate from serum and substratum (test) Blue (posit. ) 
Case. III. The dialysate from serum alone (control) Blue (posit. ) 
The dialysate from serum and substratum (test) Blue (posit. ) 
Case IV. The dialysate from serum alone (control) Blue (posit. ) 
The dialysate from serum and substratum (test) Colorless (neg. ) 


Case 1. (Table 11.) —Both the test tube containing the dialysate from the 
thimble with serum alone, as well as that with serum and substratum give nega- 
tive reaction with ninhydrin. If all the precautions of the test have been fol- 
lowed"? this result indicates that there is no protein split products in the di- 
the thimbles or substratum otherwise than with sterile 


organic as well as inorganic impurities, 
with cotton, absolutely clean, dry ané 


“Jt is therefore essential not to handle 
farceps; all glassware is to be absolutely clean, free from 
dry and sterile; the pipettes used in the test must be plugged 
sterile as well as the rest of the glassware used. 

*1[t is evident that in order to obtain comparable results, it is advisable to select test tubes 
of equal diameter as well as thickness of the glass wall. In cases where the differences in the in- 
tensity of reaction are very small, this consideration attains great 

“There are two points that are of especial moment considering the 
that the thimble is not too tight, and does let through the peptones if they are present 
Although each thimble must have been tested before and its fair permeability must have been estab 
lished, it is nevertheless advisable in each case of negative results in the test proper to subject the 
thimble in question to an additional test. In doing so, one washes the thimble very thoroughly and 
another time the test for its permeability to silk peptone with all the precautions prescribed 


importance. 
above outcome of the 


test. One, 


repeats 
for such a test above. 
The other condition to be definitely established before the result is taken to be of diagnostic 


value, that is, the requirement that the substratum retain its specific properties, that is to sav, when 
placed in a thimble with serum which is known to contain the ferments in question this same sub 


stratum will be digested. 

This query I), 
one can 
it very carefully, boiling it and 
a positive ninhydrin test on the resulting dialysate if the substratum is satisfactory. 


should be answered by the positive control (designated 3 and 4 on Table but 
also make an additional control test by removing the substratum from the thimble, washing 
setting it to digest with a known specific serum. One should obtain 
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alysates tested. In case of the dialysate from the serum alone, as we have 
stated it before, such outcome is the desirable one. As for the test proper, the 
absence of protein split products in dialysate signifies that the digestion did not 
take place in the thimble and this in turn means according to Abderhalden’s con- 
ception of the test that the serum did not contain the ferments necessary to di- 
gest the substratum. ; 

Case 11. (Table 11.) —The test proper gives a positive ninhydrin reaction 
and the control on the serum alone—negative. If all the controls accompany- 
ing the test (see Table I, Thimbles 5, 6, and 7) give expected results, the above 
outcome of the examination of unknown serum means that it contained specific 
ferment digesting the given substratum.’ 

Case III1. (Table 11.) —A third possible outcome of the test may be that 
the dialysate from the thimble containing the serum alone (control), as well as 
dialysate from the test proper, in which the thimble contained both the serum 
and the substratum, both give a positive ninhydrin test. 

In this case the appearance of dialysable substances in the thimble contain- 
ing the serum and substratum is only conditional, because, as the control shows, 
also dialysate from the serum alone (without the addition of substratum) gives 
a positive ninhydrin test. Before any attempt is made to interpret this result 
it is advisable to establish definitely the cause of the presence of ninhydrin re- 
acting substances in this control dialysate, for according to the cause the in- 
terpretation may vary. 

Assuming that the technic was perfect, and that no protein could have 
been introduced in dialysate by the faulty manipulation (as for instance soiling 
the outside of the thimble with serum, while introducing it in the thimble, or 
contaminating the distilled water in the flask with saliva, while placing it by 
means of a pipette, or depositing organic matter on the outer wall of the thim- 
ble by handling it with fingers instead of forceps, ete.), there are two other pos- 
sible reasons for the presence of protein in this dialysate: either the thimble 
was permeable to unchanged serum, or the serum contained dialysable products 
before the test. 

Although the thimble was supposed to be tested and found to be imperme- 
able to natural protein, it is still possible that in further manipulation in plac- 
ing into or withdrawing the thimble from the receptacle in which thimbles are 
kept, such thimble might have been punctured in handling with forceps. In 
order to establish this point it suffices to make a coagulation test on the dialysate, 
and if it contains unchanged serum, the thimble is to be discarded and the whole 
test repeated with a good thimble. If, however, the dialysate does not contain 
coagulable protein, it means that the thimble was not punctured and that the 
substances giving the ninhydrin test are of the nature of dialysable derivatives 
and must have been present in the serum before the test. 

Having established that the ninhydrin test on control dialysate is due to 


[In order to be absolutely sure of the specificity of this digestion, Abderhalden advises to 
work always with more than one substratum. For instance, if the serum to be tested is suspected to 


contain specific ferments against carcinomatous tissue, he advises to examine it also against placenta 


for instance or if pregnancy is suspected, it is well to examine the serum also with lung or_car- 
cinomatous tissue. In case of positive findings with the specific substratum (as this Case II il- 
additional strength to the result ob- 


lustrates) such additional control if correctly carried out, gives 


tained in the main test. 
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the presence of dialysable protein split products in the serum, one must com- 
pare the intensity of this reaction with that obtained on dialysate from the 
thimble containing both the serum and the substratum." If the latter is de- 
cidedly more intense, the outcome of the reaction is still considered satisfactory 
and a positive diagnosis is rendered.’ If, however, the intensity of reaction in 
both cases is nearly equal, the diagnosis cannot be rendered and the test must 
be repeated. 

In cases, however, where it is impossible to obtain the specimen of blood 
free from dialysable ninhydrin reacting substances (as for instance if the pa- 
tient is running a high temperature, or in general in cases where there is 
marked active catabolism of protein) it is necessary to recur to a special method 
suggested by Schlimpert and Issel. By this method" the serum is dialysed 
against running distilled water, until free from dialysable ninhydrin reacting 
substances, and only then it is examined according to usual procedure of Abder- 
halden. 

Case IV. (Table 11.) —It is possible finally, that the test of unknown 
serum will show a positive ninhydrin reaction en a control dialysate (serum 
alone) and a negative reaction on dialysate of the test proper (serum anid sub- 
stratum). This result is to be interpreted as follows: 

First of all it is necessary to ascertain that the thimble in which the test 
proper was performed is not too tight, for it is possible that the failure to ob- 
tain the ninhydrin test in the dialysate from the test proper (serum and sub- 
stratum) could be due to impermeability of the thimble to dialysable protein."’ 
This is done as described before, by thoroughly washing the thimble and test- 
ing it subsequently with silk peptone. If the thimble is found impermeable, 
the whole test is to be repeated. If the thimble is found permeable, it is evi- 
dent that digestion did not occur during the incubation, because the serum did 
not contain specific ferments. 

As to the reason for the positive ninhydrin test obtained with the control 
dialysate, one must proceed as in the Case III just described; namely, first to 
ascertain whether the presence of ninhydrin reacting substances in dialysate was 
due to imperfection of the thimble. If coagulation test on dialysate is positive. 
one concludes that the thimble is punctured and discards it. If the coagulation 
test is negative, the thimble is not punctured, and the ninhydrin reaction must 
have been due to the presence in the serum of dialysable ninhydrin reacting sub- 


stances.®® 
Sources OF ERRORS IN PERFORMING THE ‘TEST 


Personal experience has shown us that if the necessary precautions are car- 
ried out and if all the controls required by the nature of the test are made. there 


“Abderhalden: Abwehrfermente, 4th Ed., p. 273. 

®In our own work we prefer not to attribute diagnostic value to the differences in intensity 
of color in ninhydrin test, because even slightest changes in concentration (brought about by im- 
perfect boiling or by loss of even small portion of ninhydrin on the wall of the test tube) during 
the test may produce the difference in the intensity of color reaction sufficiently great to cause er- 
roneous diagnosis. 

*Schlimpert and Issel: Munch. Med. Woch., 1913, p. 1758. 

“Although the thimble must have been tested before and must have been found permeable for 
silk peptone, it is possible that the subsequent boiling in order to sterilize it, might have rendered 
the thimble impermeable. 

*®Such cases, where the serum alone gives off into dialysate ninhydrin reacting substances, which 


disappear upon the addition of tissue, have been described by several authors and are attributed to 


absorption of such dialysable substances by substratum. 
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is no reason why one should not obtain good results with the Abder- 
halden test. It is evident from the preceding paragraphs, however, that the 
amount of detail is so voluminous and the number of elements, outside of the 
test proper, interfering with the proper outcome of examination so great, that 
it is not unlikely that many unsuccessful attempts to use the Abderhalden reaction 
can be accounted for in the manner in which Abderhalden does it, namely that 
the men performing the test did not master the methods sufficiently, before ren- 
dering their judgment of its value. 

Many authors have stated that the test is too difficult to be adopted for gen- 
eral use. There is nothing in the technic of the test to justify such a state- 
ment. True, as was said just before, the amount of detail preliminary and 
accompanying the test proper is very great, possibly much greater than in other 
serological methods, Lut there is nothing in the nature of manipulations that 
would place a competent serologist in diftheulty. Provided, one has time and 
material necessary to comply with the requirements of the test—only those who 
are novices in serology may make mistakes. 

However, since the field of application of the Abderhalden reaction tor the 
time being seems to be so broad, a great number of men with most varied pre- 
liminary experience and with very scant bacteriological and serological experi- 
ence have rushed into collecting statistical data, instead of learning first the 
principles not only underlying the test proper, but the many sided manipulations 
as well. 

One cannot but agree with Abderhalden when he says that those perform: 
ing the test must not only know the procedure, but must as he puts it “live througin 
it,’ or, as we understand it, those who never before did careful serological 
work, must first become serologists and bacteriologists, so that a great num- 
ber of errors which may be due to their inability to work aseptically by habit 
(and not only because it is so prescribed in a given paragraph about Abder- 
halden test) may be eliminated. As important as these habits of a trained ser- 
ologist may be in other instances, they are especially important in the Abder- 
halden reaction, where the technic of the test is so crude and ingredients so im- 
pure that the whole attention of the investigator must be disengaged from mere 
manipulations in order to be concentrated on careful and as extensive as pos- 
sible control of the test proper. 

| perfectly agree with Ebeler and Lohnberg®® who say that as the “Abder- 
halden reaction is getting better known and as its technic is being improved by 
joint efforts of different investigators, it becomes so complex that its usefulness 
in diagnostic laboratory is growing more doubtful.” 

However, even those who have a suitable training which guards them from 
making mistakes in technic find that certain amount of mistaken diagnoses is 
unavoidable. The reasons for such unavoidable mistakes originate from the very 
nature of the method. Thus, for instance, in spite of all the care taken in <e- 
lecting and testing of thimbles, one can never be sure of the fact that the thim- 
bles were perfect during the test, and strictly speaking, one should not consider 
the test finished or the results obtained final until the thimble in which the test 
was made is retested again and found to be still perfect. For it often happens, 


®Ebeler and Loéhnberg: Berl. Klin. Woch., 1915, p. 319. 
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that a thimble, perfectly satisfactory at the preliminary test, is found useless 
subsequently. Thus for instance, boiling of the thimble may change the phys- 
ical properties of its texture, so as to render it impermeable to silk peptone. 
Such change in permeability of the thimble cannot be discovered before the test, 
it is only through the critical analysis of the test already performed, that one 
can come to suspect the change in the permeability of a given dialysing shell. 
It seems that such changes do not take place at once (especially if care is 
taken not to boil the thimbles too much) but, according to a number of reports, 
even the most careful boiling if repeated a number of times may change cer- 
tain thimbles. It is for this reason that some authors*® recommend as routine 
precaution to discard the thimbles after they have been in use for about a 
month. 

Another possible change in thimbles is that of becoming permeable to un- 
changed serum through mechanical injury, even so slight that it may often pass 
otherwise unnoticed. In order to avoid as much as possible the errors due to 
such changes in thimbles Abderhalden suggests that the stock of thimbles on 
hand can be repeatedly tested at least every two weeks. Such procedure cer- 
tainly does not eliminate the possibility of changes in permeability, vet it adds 
a great deal to the already considerable amount of labor connected with the car- 
rying out of the test. 

Another group of errors which cannot be eliminated in spite of very care- 
ful procedure is that connected with the use of ninhydrin as indicator in the 
test. Not only such factors as faintest alkalinity of the glassware,”' or the length 
and intensity of boiling the ninhydrin solution with the dialysate** (which can 
be regulated as described in the preceding pages), but also factors like dust and 
fumes for instance cannot easily be eliminated or can come to interfere with 
the test already begun. 

Still another source of difficulty not easily controllable, is the serum, when 
it contains dialysable protein derivatives. As mentioned before, it is preferable 
in all such cases to dialyse the serum against sterile running water. ‘This pro- 
cedure is however sometimes very unsatisfactory—first for the reason that 
serum may contain bacteria which under the conditions of experiment multiply 
very rapidly; secondly, the dialysis against distilled water greatly weakens the 
activity of complement.** In order to obviate this difficulty we suggest to titrate 
the complement in each dialysed serum before using it for the test proper, and 
to activate it if necessary by the addition of guinea-pig complement. 

MopiFicaTIONS OF THE “METHOD Not INVOLVING THE THEORY OF 
ABWEHRFERMENTE” 

Recognizing these shortcomings of the technic a number of investigators 

attempted to obviate the errors in results by substituting better methods in such 


parts of the technic which were not amenable to proper preliminary control. 


7Schawlon: Munch. Med. Woch., 1914, p. 1386. 
1Setjen and Fraenkel: Munch. Med. Woch., 1914, No. 9; also Abderhalden: Abwehrfermente, 
4th Ed., p. 289. 
Abderhalden: Abwehrfermente, 4th Ed., p. 225. 
“ ®8The important role of complement in the Abderhalden test is beyond any doubt and even 
Atwerhalden himself acknowledges the fact without, however, being ready to interpret the nature 
of, the influence exhibited by it. (See Abwehrfermente, 4th Ed., p. 154.) 
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Thus Michaelis and Rona* have suggested to eliminate the use of thimbles. 
Namely, the authors place the serum together with a substratum in a test tube, 
and after the necessary incubation at 37°, they centrifuge the contents of the 
tube, separate the liquid, precipitate it by means of ferric hydroxide, filter off 
the precipitate and make a ninhydrin test on the filtrate. 

The extreme ease with which the proper outcome of ninhydrin test is in- 
Huenced by most varied uncontrollable factors’? has been instrumental in di- 
recting a great deal of efforts of different investigators towards finding a more 
reliable method for detection of protein in dialysate. Already Abderhalden him- 
self recommends to control the ninhydrin test by the Van Slyke method of 
determination of amino nitrogen in dialysate. Griesbach,** Abderhalden and 
Fodor and many others employed microkjeldahl for the same purpose. On 
the other hand a number of authors tried to find another indicator to be used 
directly in place of ninhydrin, but so far only Matzkievitsch*® reports results 
which seem to be satisfactory. This author is using colloidal gold as the in- 
dicator and claims that by this method he obtains a distinct reaction with 1 c.c. 
of peptone solution of 1 :30,000. 

In addition to these modifications, a few methods were also worked out in 
our laboratory. Our methods also permit to dispose with the use of both nin- 
hydrin and thimbles and in addition also permit to use the serum containing 
dialysable ninhydrin reacting substances without preliminary dialysis of the 
serum. These methods are, however, based on a conception of the reaction 
vitally different from that proposed by Abderhalden and will be discussed later. 


CriTicAL ANALYSIS OF THE THEORY OF “ABWEHRFERMENTE” 


The modifications of the technic of the Abderhalden test based on elimina- 
tion from the test of thimbles and ninhydrin will undoubtedly simplify the 
method. 

The experiments conducted in this laboratory, however, showed quite con- 
clusively that the most serious and unavoidable mistakes in the Abderhalden 
test are due not to the use of thimbles or ninhydrin, but to the difficulty in con- 
trolling the exact quantitative relation between the substratum and the serum. 
On the one hand we have found that different samples of a given substratum 
differ amongst themselves as to their specific value. As we have stated before, 
such differences are in part due to the method of preparation and the amount 
of specific elements retained in substratum as compared to the amount of non- 
specific contaminating material in it. We found, however, that the variations 
in specific value of similar substrata are far greater than the limits of variations 
in technic of their preparation. In other words, two placentas, for instance, se- 
lected and prepared with exactly the same care may show different titers when 
standardized against a known specific serum. Whereas one placenta will react 
with 1.5 c.c. of a given specific serum in any amount above 0.1 gr., another sam- 
ple of placenta substratum may be suitable only above the doses of 0.3 gr. 

™For description of the method, see Michaelis, Deut. Med. Woch., 1914, p. 429. This method 
was recently improved by Van Slyke and Vinagrad, Proc. Exp. Biol. and Med., 1915, p. 126. 

%Bisgaard and Korsbjerg: Deut. Med. Woch., 1914, p. 1367. 

%Abderhalden: Abwehrfermente, 4th Ed., p. 311. 

“%Griesbach: Munch. Med. Woch., 1914, p. 979. 


*’Abderhalden and Fodor: Munch. Med. Woch., No. 14. 
*®Matzkievitsch: Deut. Med. Wech., 1914, p. 1221. 
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On the other hand we found that even if the same substratum is used, the 
titer of it differs with different sera. ‘Thus, for instance, a given substratum 
may react with 1.5 ¢.c. of a pregnant serum 4 already in the amount of 0.15 
gr., whereas in case of pregnant serum BP it is necessary to have fully 0.4 gr. 
of the same placenta to obtain a definite reaction. At the same time we no- 
ticed that if the amount of substratum is sufficiently increased, any normal serum 
will react. Here again, different sera may react with different amounts of the 
same substratum (for instance, a male serum 4 will give off dialysable nin- 
hydrin reacting substances if combined only with more than 1 gr. of a given 
substratum, whereas a male serum B will give off ninhydrin reacting substances 
if combined already with 0.4 gr. of the same substratum). 

Quite apart from the difficulty of finding suitable quantitative relationship 
between the amount of serum and substratum to be used in the test, the fact 
that it is at all possible to obtain a positive Abderhalden reaction with a male 
serum while observing all the precautions required by the test by merely slightly 
mereasing the amount of placenta, raises another serious question. If ac- 
cording to Abderhalden the appearance of ninhydrin reacting substances in the 
dialysate is due to the digestion of substratum in vitro by specific ferments pres- 
ent in the immune serum only, how then is it possible for normal serum to dt- 
gest the same substratum without the intercurrence of specific ferments? It 
is evident that every serum must contain the ferment in order to be able to di- 
gest the substratum. Moreover, since normal serum may thus apparently di- 
gest in one instance excess of placenta, in another excess of carcinomitous tis- 
sue; in the third, tuberculous lung, ete.—it is necessary to admit either the ex 
istence in all the sera of all sorts of specific ferments, or the opposite—that there 
are no specific ferments present in the immune sera. The latter is the conclu- 
sion suggested by a number of authors. Flatow, *° *! ** Herzfeld,’ Kjaer- 
gaard,** Plaut,*’ and others have thus been able to obtain apparent digestion of 
substratum by the ferments of nonspecific nature, present in any normal serum. 

These investigations throw a new light upon the complexity of the nature 
of the Abderhalden reaction, or at least they show conclusively that, while the 
reaction may be relatively specific within certain quantitative limits, it ceases 
to be outside of ihese limits, depending entirely on mechanical adsorption. 
Whether or not these experiments can sufficiently explain all the discrepancies 
in the results of various investigators, they show that certain quantitative manip- 
ulations may bring about in a nonspecific way, phenomena closely resembling 
the Abderhalden reaction, thus questioning the basis of the Abderhalden theory, 
according to which the cleavage products appear solely as a result of the specific 
digestion by ferments. On the other hand the specificity of the ferments re- 
sponsible for the digestion of substratum can be questioned on the basis of the 
experiments of De Waele,*’ who succeeded in demonstrating the presence of 
the ferments by means of the Abderhalden reaction already a few minutes af- 


“Flatow: Munch. Med. Woch., 1914, p. 468. 

‘Flatow: Ibid, p. 608. 

“Flatow: Ibid, p. 1168. 

SHerzfeld: Bioch. Zeitschr, 1914, p. 103. 

“Kjaergaard: Zeitschr fur Immunitatsforsch., Orig., 1914, xxii, p. 31. 
SPlaut: Munch. Med. Woch., 1914, p. 238. 

“De Waele: Zeitschr. fur Immunitatsforsch., Orig., 1914, xxii, p. 170. 
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ter the parental introduction of the foreign protein into experimental animals, 
an interval hardly sufficient for the production of new specific ferments. 

These results corroborate the previous findings of Heilner and Petri*’ who 
concluded from the rapidity with which the ferments appeared as a result of 
the parenteral introduction of the protein that this must be a case not of new 
formation of such ferments, but of specific activation ‘“Arteinstellung,” of pre- 
existing ferment. De Waele, indeed, suggests the identity of this ferment with 
antithrombin. 

Apart from the explanation of the Abderhalden reaction on the basis of 
mechanical adsorption or of activation of pre-existing ferments, a number of 
investigators attempted to study the phenomena underlying the Abderhalden test 
from the standpoint of immunity. Since it was established by several workers 
that the complement played an important part in the reaction, the simplest ex- 
planation of the Abderhalden test would be the identification of the substances 
responsible for the specificity of the Abderhalden test with the antibodies. No 
definite proof, however, of such an identification has been offered in the numer- 
ous publications on the subject. At the same time, Abderhalden states def- 
initely that upon the parenteral introduction of foreign protein, independently of 
any antibody that may be produced simultaneously, specific protective ferments 
are formed. He comes to the conclusion of co-existence of two processes main- 
ly on the basis of the fact, that, as his experiments have suggested, during the 
immunization of the animal its serum seems to acquire a new property to cleave 
the substratum directly, whereas the antibody, although directly responsible for 
the specificity of protective processes in the body through its property to anchor 
the antigen, is known not to attack it directly. It is to the complement that 
Ehrlich and his school attribute the property to act upon antigen. 

However, the experiments of Stephan,** Hauptmann,*® Bettencourt and 
Menezes’ as well as our own experiments,"' suggest that the two processes 
might after all be closely related, as the ferments of Abderhalden seem to lose 
their activity upon heating at 58°, and once thus inactivated can be restored to 
action by the addition of any fresh serum (complement? ). 

The part played by complement in the activity of the ferments was finally 
recognized by Abderhalden, but he hopes to be able to find an explanation for 
this without identifying his protective ferments with the antibodies of Ehrlich.® 

This question of relation between protective ferments of Abderhalden and 
immune bodies of Ehrlich was extensively studied in my laboratory. Our ex- 
periments speak against the existence of specific ferments,®* since even sera of 
highly immunized animals failed to digest directly the protein used for their 
immunization, although they gave at the same time a positive Abderhalden test.** 
We have shown that the dialysable substances appearing during the test do not 
originate from the substratum. It was found, on the contrary, that the fer- 


StHeilner and Petri: Munch. Med. Woch., 1913, p. 1530. 
Stephan: Munch. Med. Woch., 1914, p. 801. 


“Hauptmann : Munch. Med. Woch., 1914, p. 1167 
“Bettencourt and Menezes: Compt. rend. Soc. de biol., 914, p. 162. 
“Bronfenbrenner: Jour. Med., 1915, xxi, p. 


*Referring to it he says: (see Abwehrfermente, 4th Ed. p. 154). “Nothing would be more un- 
justified than, on account of this parallelism, quickly to invest all the results obtained with names 
from the realms of immunity. For analogqus phenomena need not be identical; moreover, comple- 
ment, amboceptor, etc., are terms of which, in rare cases only, we have as yet a clear conception.” 

*%Bronfenbrenner: Proc. Soc. Expo. Biol. and Med., 1914, xii, p. 

“Bronfenbrenner: Jour. Exper. Med., 1915, xxi, p. 221. 
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ments responsible for the cleavage of protein during the reaction in pregnancy 
are not specific; that they are present in every fresh male serum as well as fe- 
male; that the protein attacked by these fermenis is not that of the substratum 
but that of the serum of the patient, the Abderhalden reaction thus recording the 
result of the autodigestion of the patient’s own serum.®° 

As to the mechanism of this autodigestion of the serum, we evolved from 
our experiments the following explanation. Proteolytic ferments are pres- 
ent in every fresh serum, but are normally inhibited by some antitryptic con- 
stituents of the blood.** 

Removal of serum-antitrypsin sets free the normal trypsin of the blood, 
which in turn digests some part of the serum itself. Such removal of the anti- 
trypsin may be accomplished in vitro by two apparently independent processes. 
One nonspecific,—a simple adsorption and filtering out of the inhibiting sub- 
stances,—which would explain the results of Plaut,*’ Peiper,*’ Heilner and 
Petri,*? who succeeded in obtaining a positive Abderhalden test by mixing the 
serum with substances like kaolin, starch, barium sulphate, etc., and on the 
other hand it would explain the results of Kjergaard, Flatow and our own, 
where the ninhydrin reacting substances appeared when normal serum was mixed 
with excess of substratum. The other, an apparently specific process, in which 
the falling out or inactivation of the inhibiting substances appears to be the re- 
sult of the change of the colloidal conditions of the media, resulting from the 
specific combination of the antigen of the substratum with the antibody of the 
patient’s serum,—a reaction which is identical with that recorded also by the 
stalagmometer in the experiments of Ascoli. The serum deprived of antitrypsin 
undergoes autodigestion, which is evidenced in the Abderhalden test by the 
appearance of dialysable substances. 

This interaction between the substratum and the specific serum is in gen- 
eral comparable to the interaction between antigen and antibody in other im- 
munity reactions, inasmuch as, apart from appearance of dialysable substances, 
the substratum in the Abderhalden test seems to undergo changes identical with 
those of erythrocytes when acted upon by hemolytic amboceptor; namely, the 
substratum anchors the specific constituents of the immune serum, thus becom- 
ing sensitized.° Such a sensitized substratum was found to be able to induce 
autodigestion in any fresh normal serum (complement), and thus the important 
findings of Stephan’® as to the part played by complement in the Abderhalden 
test can be easily explained. The heated serum containing only antibody (as 
the normal proteolytic ferments were destroyed by heat) retains the property 
of sensitizing the substratum. Upon the addition of guinea-pig complement a 
sensitized substratum, by removing the serum antitrypsin from the guinea-pig 
complement, liberates the proteolytic ferment in the guinea-pig serum, which 
in turn may digest the globulin not only of the serum of the guinea-pig, but also 


*Bronfenbrenner: Proc. Soc. Exp. Biol. and Med., 1914, p. 7. These findings were confirmed 
by Egestein (Journ. Am. Med. Assn., 1915, p. 735). 

“According to Schwartz the lipoids of the blood are responsible for its antitryptic properties 
(Schwartz: Wien. Klin. Woch., 1909, p. 861). Jobling and Peterson (see Jour. Exper. Med., 1914, 
ixx, p. 239) recently confirmed the antitryptic action of lipoids. 

*Plaut: Munch. Med. Woch., 1914, p. 238. 

*Peiper: Deut. Med. Woch., 1914, p. 1467. 

*Heilner and Petri: Munch. Med. Woch., 1913, p. 1530. 

1Bronfenbrenner, Mitchell and Schlesinger: Bioch. Bull., 1914, p. 386. 

Stephan: Munch. Med. Woch., 1914, p. 801. 
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that of inactivated human serum, thus giving rise to dialysable substances. It 
is thus possible that the complement fixation phenomenon is merely another ex- 
pression of the same reaction which by Abderhalden is recorded through the 
ninhydrin test. Considered from this point of view, the Abderhalden theory 
does not seem to contribute anything essentially new to the explanation of the 
protective processes which take place in the body as a result of parenteral in- 
troduction of protein, but simply offers a new indicator, by which the existence 
of the protective substances can be recorded in vitro. 


Diacnostic MretrHuops BASED CN NEW CONCEPTION OF THE NATURE OF ENZYME 
ACTION IN THE BLocp 


Although we do not assert to have found definite proof that the nature of 
the “Defensive Ferments” is identical with that of the antibody or amboceptor, 
the results of our experiments seem, nevertheless, to contribute additional evi- 
dence to the effect that a considerable amount of parallelism between the two 
undoubtedly exists. 

Thus, remembering the important role played by complement in the Abder- 
halden reaction we tried for instance to find whether the known property of 
antibody to sensitize the antigen at a low temperature, which excludes the ac- 
tivity of complement, is also true for the Abderhalden reaction. We found that 
there was not only no dialysis in the test containing placenta and the pregnant 
serum when the temperature was low, but also that the substratum as well as 
the serum underwent changes absolutely similar to those we should have ex- 
pected if we had used, instead, a hemolytic amboceptor and corresponding ery- 
throcytes, namely, the serum lost its specific elements, and the substratum be- 
came changed in such a way that is acquired property to give up dialysable 
ninhydrin reacting substances when mixed with any fresh serum (complement?) ; 
in other words, the substratum became sensitized. 

Tables below (III and IV) show it quite conclusively: 


TABLE ITI. 
The Abderhalden Reaction Is Arrested at 0° C. 


Pregnant human serum. | Normal male serum. Control. 

3 c.c. serum, 15 ce. serum, 3 cc. serum, 1.5 c.c. serum, 5 cc. 1% silk 
1 gm. placenta. 0.5 gm. placenta. 1 gm. placenta. 0.5 gm. placenta. peptone. 

In glass tube at In thimble at In glass tube at In thimble at In thimble at 
0°C. for 16 hrs. O°C. for 16 hrs. O°C. for 16 hrs. 0°C. for 16 hrs. 0°C. for 16 hrs. 
Contents centri Ninhydrin test Contents centri- Ninhydrin test Ninhydrin test 
fuged and ser- -- fuged and ser- — 

um _ separated um separated 

and divided in and divided in 

two parts two parts 

(table IV). (table IV). 


A B Cc D E 


Three c.c. of pregnant serum were placed in a centrifuge tube together with 1 gm. 
of boiled placenta protein. The contents of the tube were covered with a layer of toluol, 
stoppered with a cork, and put into the icebox (Table III-A). Parallel with this, 1.5 
c.c. of the same serum with placental were placed in a dialysing thimble and suspended in 
a bottle with distilled water, as for a regular Abderhalden test, with the only difference 
that instead of placing it in the thermostat, it was put into the icebox (Table III-B). As 
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a control, an exact duplicate of these was put up, with male instead of pregnant serum 
(Table ITI-C and D). In addition to these another control was made by placing 5 c.c. 
of 1] per cent silk peptone in a dialysing thimble (Table III-E). At the end of sixteen 
hours the results tabulated above were obtained. 

While the dialysate from the peptone gave a positive ninhydrin reaction 
(Table III-E) showing that dialysis was not arrested at O°C., the Abderhalden 
test with both pregnant and normal sera gave negative results (Table III-B and 
D), which in view of the findings with the silk peptone meant that no dialysable 
substances were formed in the thimbles with pregnant as well as with male 


serum at 0°C. 


TABLE IV. 
The Appearance of Dialysable Substances in Pregnant Serum After the Removal of 
Placenta. 
i Thimble D of 
Serum A of table III — RJ of Serum C of table III table III 
15 cc. in 15 cc. in Transferred 1.5 cc. in 15 Cc. in Transferred 
thimble on ice thimble at 37° to 37° C. for thimble on ice thimble Mm te 2B C. for 
for 16 hrs. C. for 16 hrs. 16 hrs. in for 16 hrs. C. for 16 hrs. 16 hrs. in 
fresh distilled fresh distilled 
water. water. 
Ninhydrin Ninhydrin Ninhydrin Ninhydrin Ninhydrin Ninhydrin 
test test test test test test 
A’ B D 


Having thus ascertained that the digestion did not occur on ice, both centrifuge 
tubes containing placenta with male and pregnant serum respectively (Table III-A and C) 
were removed and the contents of the tubes centrifuged at high speed. After ten min- 
utes’ centrifugation the serum was separated from the placenta in each tube and equally 
distributed into two thimbles each (Table IV-A’ and A”, C’ and C”). These were placed 
in bottles containing distilled water, the fluid inside and outside of the thimbles was cov- 
ered with toluol, and one of each set of the bottles (Table IV-A’ and C’) placed in the 
icebox, the other (Table IV-A” and C”) in the incubator. At the same time the thimbles 
containing a regular Abderhalden test were transferred to the thermostat (Table IV-B 
and D). After sixteen hours’ incubation at 37° C. a ninhydrin reaction was made with 
each dialysate, and the results obtained were those tabulated above. 


Thus it seems that by allowing the pregnant serum to combine with placenta 
at a low temperature (Table III-A and B) it was possible to resolve the Abder- 
halden test into two phases, indicating that it is not a simple, but a composite 
reaction. The experiment above shows that dialysable substances appear only 
in the second phase of the reaction, after the placenta has been removed (Table 
IV-A”). The fact, moreover, that their appearance followed the combination 
of pregnant serum and placenta only after such a serum separated from pla- 
centa, was incubated at 37°C., and that they did not appear at 0° (Table IV- 
A’) confirm our prior conclusion that the dialysable substances during the sec- 
ond phase result from the autodigestion of the serum and not from the diaes- 
tion of the placenta. 

These findings are not only of theoretical importance, inasmuch as they 
furnish further proof of the similarity of the phenomenon of the Abderhalden 
with the immunity reaction, but are also of practical value. To those making 
routine examinations by the Abderhalden method, it is known that the blood of 
a patient taken under certain conditions, as when there is high temperature, pus 
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formation or recent ingestion of food may contain an amount of amino acid 
sufficient to mask the specific reaction.'’* Whereas the last mentioned factor 
can be regulated with little inconvenience to the patient, blood being taken be- 
fore breakfast, it is impossible to obviate the complications in the other cases.'°* 
In such instances, where the serum alone contains dialysable ninhydrin reacting 
substances the difference in the intensity of color reaction with ninhydrin of the 
control tube, and the tube containing placenta (cr other substratum), as well 
as serum, furnishes the basis for diagnosis, according to Abderhalden.’’* The 
findings illustrated on the tables above suggested to us a procedure’? which 
would allow the examination of any human or animal fresh serum taken at any 
time, no matter what the condition of the patient might be. This modified pro- 
cedure is the following: 

After remaining over night in contact with the suspected serum in the ice- 
box, the placenta (or other substratum, as the case may be) is centrifuged, 
washed with water to remove any serum that may stick to it, and placed in a 
new thimble with any serum known to be free from dialysable ninhydrin react- 
ing substances. The best for this purpose is serum from a guinea-pig kept with- 
out food long enough (6-8 hours) to free its blood from dialysable reactive sub- 
stances. It is necessary, of course, to take the additional precaution. in the 
diagnosis of pregnancy, of using male guinea-pig serum, since fresh serum from 
a pregnant guinea-pig gives a positive reaction with human placenta, and may 
thus cause grave error. 


AnNTITRYPTIC INDEX AS A METHOD oF REGISTERING THE ACTIVATION OF SERO- 
ENZYME 


The method just described permits to avoid errors in diagnosis by the di- 
alysis method without the recurrence to the method of Schlimpert which is in- 
convenient for several reasons discussed in one of the preceding paragraphs. 
However, the fact that in the modification offered by us the use of thimbles 
and ninhydrin still plays an essential part of the procedure, opens the method 
to the same criticism which we directed before against the original method. 
We tried therefore to find a method by which we could register the specific in- 
teraction between the immune serum and its corresponding substratum without 
recurrence to dialysis. 

The conception of the mechanisms of the proteolysis taking place in the 
test, outlined by us previously in this paper, offers such a possibility. Namely, 
in our early experiments’ we concluded that the combination between the 
antibodies of specific serum with the antigen (substratum) is accompanied by 
a physico-chemical change of the medium. This in turn causes the falling out 
or inactivation of antitrvpsin of the serum, which originally prevented the ac- 
tivity of the normai proteolytic enzyme. The measurements taken by means of 
stalagmometer as well as refractometer leave no doubt as to the physical nature of 

12Abderhalden: Munch. Med. Woch., 1914, p. 401; also Lange: Berl. Klin. Woch., 1914, p. 


785: and others. 
13For fuller discussion see one of the preceding parts of this paper. The presence of dialvsable 
material in the fluid in which the specific ferments are looked for, is especially important in the ex- 
amination of urine, in which there is always a certain amount of such substances present. 
4Abderhalden: Abwehrfermente, 4th Ed., p. 3. 
1% Branfenbrenner, Mitchell and Schlesinger : Bioch. Bull., 1914, iii, p. 386; also Bronfen- 
brenner, Schlesinger and Mitchell: Journ. of Amer. Med. Assn., 1915, p. 1268. 
%Bronfenbrenner: Proc. Soc. Exp. Biol. and Med., 1914, xii, p. 4. 
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the phenomena." We showed definitely that this physical change of medium 
affects the activity of ferments of the serum through the inactivation of serum 
antitrypsin in two ways. On the one hand we succeeded in checking the ap- 
pearance of dialysable substances in the Abderhalden test by means of increas- 
ing the amount of serum antitrypsin *’* *” (as suggested by the experiments of 
Schwartz’). On the other hand we actually measured the decrease of the anti- 
tryptic titer of the serum during the reaction. We found that the diminution 
of the antitryptic activity of the serum, as tested against trypsin solution, takes 
place in a specific manner, inasmuch as it occurs only in cases where the serum 
contains specific antibodies and is parallel with the intensity of the Abderhalden 
test; so that the estimation of antitrypsin in serum undergoing digestion may be 
used as a method of diagnosis parallel with, and complementary to, that of the 
Abderhalden test. Moreover, if the Abderhalden test is divided into two parts, as 
was shown before in this paper, over thirty per cent of the antitrypsin is re- 
moved during the first part of the reaction.™" 

The procedure of this method is as follows: 

The unknown serum is placed in a sterile centrifuge tube (1.5 c.c.) with 
a suitable amount of substratum (previously carefully standardized), stoppered 
with a cork and allowed to remain on ice fur 18 hours (over night). At the 
same time the antitryptic titer of the serum is determined by any of the standard 
methods.'?? At the expiration of 18 hours the contents of the tube are centri- 
fuged, serum separated, its antitryptic titer is again determined and the re- 
mainder of the serum is placed in the thermostat. It is obvious that parallel 
with this main test, one must conduct also two control tests (one with the known 
immune and the other with a known normal serum). If the unknown serum 
contained the antibodies in question one will notice a distinct drop in its anti- 
tryptic titer taking place during the sojourn of the serum on ice. Besides, such 
serum, when transferred to a thermostat (after separation from placenta) be- 
comes turbid, whereas the serum, not containing specific antibodies, does not 
show either decrease in its antitryptic titer nor turbidity following the incuba- 
tion in a thermostat. 

The simplicity of this method is very apparent. In addition to the fact 
that such method eliminates the dialysis and subsequent ninhydrin test, both of 
which are known to be the cause of many discrepancies in the results obtained 
by the original Abderhalden method, such method as the one just described is 
convenient also because it allows to examine also the sera containing dialysing 
substances previous to their incubation with substratum."* 

However, we do not wish to convey a false impression that this method 
is altogether as simple as just described. We wish to remind, that in such test 
as this, a very careful adjustment of the relative amounts of serum and sub- 
stratum is most essential, as an excess of substratum may cause the diminution 


These experiments are being reported in collaboration with Dr. M. Fleisher of St. Louis. 

%Bronfenbrenner: Proc. Soc. Exp. Biol and Med., 1914, xii, p. 6. 

Bronfenbrenner: Pennsylvania State Med. Journ., October, 1914. 

MWSchwartz: Wien. Klin. Woch., 1909, p. 1151; also Jobling and Peterson: Journ. 
1914, p. 239. 

11Bronfenbrenner. Mitchell and Titus: Bioch. Bull., 1914, iv, p. 

M2We used mostly the method of Brieger and Trebing (see Berl. 


No. 29, and No. 51. 
™3Bronfenbrenner, Andrews and Scott: Journ. Amer. Med. Assn., 1915, p. 1306. 
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of antitrypsin in a normal serum at least as often as it does in the original Ab- 
derhalden test. 

By performing the Abderhalden test in two phases, one can make two tests, 
using the same material. Namely, after having separated the serum from sub- 
stratum following their sojourn on ice for 18 hours, one may take off a few 
drops of serum for the determination of antitryptic index and by placing the 
rest of the serum in a dialysing thimble, one can complete the Abderhalden test 
according to procedure described by us before. 


THE ANAPHYLATOXIN FORMATION, AS Dr1aGNostic TEst FoR SpEcIFIC AUTO- 
DIGESTION OF THE SERUM 


We have shown in preceding paragraphs that the combination of the im- 
mune serum with its corresponding substratum is followed by the autodigestion 
of the serum.’'* We have observed that the split products of such autodiges- 
tion of serum are toxic to homologous animals and probably identical with so- 
called anaphylatoxin.’ The early observations in this direction suggested the 
possibility of using this specific formation of toxic products for detection of 
antibodies,*?® 

The method was originally used by us for diagnosis of tuberculosis and 
consists in injecting into the skin of normal guinea-pigs 0.05 c.c. of a suitable 
mixture of the patient’s serum and tuberculin upon which, in positive cases, 
there results within the next twenty-four to thirty-six hours, at the site of the 
inoculation, a reaction similar in aspect to a tuberculin reaction. Each series 
of guinea-pigs is accompanied by a control guinea-pig receiving intradermically 
the double dose of tuberculin alone. In addition to this, as a control for the 
serum, each guinea pig is injected, on the side opposite to that of the test in- 
jection, with double the amount of serum alone. 

The results with the serum skin test (as we called this reaction) although 
quite uniform when originally applied to the diagnosis of experimental tuber- 
culosis in guinea-pigs, were not quite as satisfactory when applied in the cases 
of human tuberculosis.1'* As the formation of anaphylatoxin depends on the 
specific combination between antigen, antibody, and complement, and as the 
amount of circulating antibody varies very markedly in different tuberculous in- 
dividuals, at first we were inclined to think that the failure to obtain more reg- 
ular results with human sera was due to this difference in antibody contents in 
different cases. Our later studies on the mechanism of the formation of ana- 
phylatoxin’® suggested however a more probable explanation of our failure to 
obtain uniform results with human material. As we have shown, the com- 
bination of antigen with its corresponding antibody results in autodigestion of 
the serum containing the antibody. The products of such autodigestion of the 
serum are however toxic only to the animals of the same species. Thus in the 
experiments reported above the anaphylatoxin produced as a result of auto- 


14Bronfenbrenner: Proc. Soc. Exp. Biol. and Med., 1914, xii. p. 7. These findings were re- 
cently confirmed by Eggstein: Journ. Amer. Med. Assn., 1915, p. 735. 

45Bronfenbrenner: Pennsylvania State Med. Journ., October, 1914; also Bioch. Bulletin, 1915, 
iv, p. 87; also Journ. Exp. Med., May, 1915, xxi, p. 480. These findings are corroborated by Jobling, 
Peterson, and Eggstein in the current number of the Journ. Exp. Med., 1915, xxii, 401. 

U6Bronfenbrenner: Proc. Soc. Exp. Biol. and Med., 1914, xii, p. 90; also Science, 1914, p. 803. 

47Bronfenbrenner: Trans. Nat. Assn. Study and Prev. of Tuberc., May, 1914. 
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digestion of human serum was not uniformly toxic to guinea-pigs. We, there- 


fore, changed the method in the following manner." 

The serum of the patient is injected intraperitoneally into a normal guinea- 
pig thus transferring upon the guinea-pig the specific properties of the patient’s 
serum. ‘Twenty-four hours later this guinea-pig is bled, its serum is placed 
upon ice in a test tube with a suitable amount of substratum (placenta, tuber- 
culine, B. E., tumor tissue, ete., as the case may be). Next day (twelve to 
eighteen hours later) the serum is centrifuged off and placed in the incubator 
for from twelve to eighteen hours. During this incubation the serum under- 
goes autodigestion and toxic split products of the serum are formed, as we have 
shown before.''® 

At this time 0.05 c.c. of such autodigested guinea-pig serum is injected in- 
to the skin of a normal guinea-pig on a spot previously shaven. From twelve 
to twenty-four hours later one observes a very distinct skin reaction on the 
place of the injection if the serum of the patient used in the test contained 
specific antibodies. Instead of injecting the autodigested serum into the skin 
one can inject 6.5 c.c. of this serum into the heart or in the vein of a normal! 
guinea-pig in which case the guinea-pig will die with symptoms of acute ana- 
phylactic shock if the serum was specific. 

If the serum of the patient did not contain specific antibodies, the serum of 
a guinea-pig (which received such a normal serum intraperitoneally) may be 
injected into the veins of normal guinea-pigs in the quantity of 5 c.c. and more, 
without causing any symptoms.'*° 

Although by these methods one avoids the complications incumbent upon 
the possible presence of dialysable substances in the serum of the patient as 
well as the possible errors connected with the use of thimbles and ninhydrin, it 
is necessary to remember that these tests depend on the autodigestion of the 
serum in the same degree as the original Abderhalden test, in the serum-skin 
reaction, for instance, the autodigestion of the serum may take place as a re- 
sult of specific as well as nonspecific action of substratum upon serum. The 
test may be reliable therefore only if the quantity of substratum used is such 
that it is unable to cause autodigestion of the serum by merely mechanical ad- 
sorption. 

The modifications we offer, therefore, do not improve the specificity or the 
sensitiveness of the Abderhalden reaction since they depend upon the same 
mechanism, but by using these methods we avoid the additional difficulties and 
discrepancies in results due to the complications in the reading of the results 
of the reaction, by the original method of Abderhalden. 

Theoretically the methods suggested above are of interest because they sub- 
stantiate our assumptions that the serum ferments are not specific, that the di- 
alysable substances originate not from the substratum, but from the serum, that 


W8Bronfenbrenner: Proc. Soc. Exp. Biol. and Med., 1914, xii, p. 48. 

M*’Bronfenbrenner: Journ. Exper. Med., 1915, xxi, p. 480. 

The specificity of this reaction has not been tested out in sufficient number of cases to 
compared with the Abderhalden reaction. As both tests depend on the auto- 
digestion of the serum, which takes place as a result of combination of antibody, with the substratum, 
one should expect the two reactons to give identical results. Due to the fact. however, that the 
readings in Abderhalden Reaction may be influenced by imperfection of thimbles or by the delicacy 
of ninhydrin test, the anaphylatoxin test seems to offer a more reliable indicator for the specific auto- 
digestion of the immune serum. Kolmer and Williams, who recently used this test in diagnosis of 
pregnancy obtained good results even althqugh they used our method in its old imperfect form. 


judge of its merits as 


(Kolmer and Williams: Am. Journ. Obst. and Dis. of Women and Child., July, 1915.) 
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in so far as the test is specific, its specificity depends on the presence in the 
blood of substances identical with the antibodies, and not specific ferments. 
CONCLUSIONS 

The critical analysis of the Abderhalden reaction as a diagnostic method 
brings us to the following conclusions : 

If in performing the test one follows all the precautions prescribed for 
this method, if one in addition is able to control every step as the necessity 
arises, even beyond the prescribed procedure, one may obtain very satisfactory 
results in a number of cases. 

There will be certain cases, in which the results obtained are not correct, 
but a competent serologist should be able to discard such findings, guided by his 
thorough control of numerous factors in the test. In its present form, there- 
fore, the test undoubtedly requires that the men who perform it be thoroughly 
trained in serology as well as in chemistry of enzyme, if possible. 

This requirement, however, does not justify Abderhalden in saying that 
the men who dissented with him as to the value of his test were not qualified 
to form their opinion on account of lack of experience. On the contrary, in 
going over the tremendous number of publications on the subject, one is im- 
pressed by the fact that a great majority of men who (if we take Abderhalden’s 
view on the subject) were skillful enough to perform the test “properly” and 
obtained results satisfactory to Abderhalden—are men who never did any sero- 
logical work before, or did very little. And on the other hand we see a num- 
ber of prominent serologists who say that the test may show specific results, but 
the fact that digestion can be induced in any serum, speaks against the spe- 
cificity of the “Abwehrfermente.” 

A certain number of mistaken diagnoses have been made, of course, by the 
men who were not competent to even properly control their tests, and it is in 
order to eliminate the possibility of these mistakes that a number of improve- 
ments were recommended by different workers. Some of the modifications of- 
fered simply remove certain of the undesirable elements in the technic of 
the test, but do not change the essentials of the reaction. Other modifications 
are based on an entirely different conception of the phenomena from that of- 
fered by Abderhalden, and do away practically with the entire original pro- 
cedure. But even these improved methods it seems will not save an ordinary 
laboratory worker from errors mainly, because the most important element, 
which determines the specificity of reaction—-the easy control of quantitative 
relation between the substratum and serum—is still not at hand. It is true, that 
by exercising special care one could in most cases approach the biological truth 
using the specific activation of sero-enzyme in vitro as indicator of specific proc- 
esses in the body, but the fact alone that such test takes considerable time for 
each individual case (if the substratum is properly standardized), and cannot 
be entrusted to a laboratory technician, makes it impractical for the diagnostic 
laboratory. 

The test still remains comparatively useful in special cases, when the re- 
sults obtained may justify the expenditure of time of a highly trained worker, 
but even there, I feel, though often correct, the results should be taken with 
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reserve until, as I said before, the substratum is obtained in such a form, which 
would permit its easy standardization. 

The amount of substratum used in the test cannot be uniform in all cases 
because not only, as I have stated, different immune sera react with various 
amounts of substratum according to the amount of specific antibody present, 
but also in case of normal sera, the amounts of substratum capable to induce 
autodigestion vary with different sera. Some of our most recent investigations 
conducted in collaboration with Dr. M. Fleisher indicate that usual quantitative 
variations in the relative amounts of different colloidal constituents of normal 
blood may influence the rate of specific as well as nonspecific colloidal reactions 
upon which the autodigestion of serum in vitro depends. 

It is essential, therefore, to obtain the substratum in some such form as a 
uniform emulsion or even solution in order to allow a move intimate and a 
more general interaction between substratum and specific elements of the serum 
and at the same time to permit a most careful titration of the substratum, so 
as to preclude the possibility of a non-specific adsorption by it of the colloidal 
serum constituents. 

As it stands at present, the Abderhalden reaction has only a scientific in- 
terest, and in that its main value is in the fact that it stimulated the studying 
of the fermentative activities of the body fluids and especially of the blood. 

Although these studies tend more and more to deny the basic discovery 
of Abderhalden, namely that the body is endowed with the ability to respond 
with the production of specific ferments upon the parenteral introduction of for- 
eign substances, it is evident that the role of normal nonspecific ferments of 
the blood received much more attention in connection with the phenomena of 
immunity and with parental digestion in general, than it was given before. 


PROTEIN METABOLISM 


By J. J. R. M.B., CLEVELAND, Onto. 


S an outcome of the work of numerous investigators, the exact chemical 
A constitution of most of the simpler molecules which are linked together 
to compose the much larger one of protein itself has become known, and a 
little has been gleaned regarding the manner by which those molecules are bound 
together. To grasp the main principles regulating the highly complex structure 
of protein it is of value to think of its molecule as a finished building, and of 
the degradation products (the amino acids, etc.) as building materials. Into 
the structure of such a building, materials might enter which are the same as 
those used for other buildings, and yet no two of the buildings be exactly alike. 
According to this view the protein molecule is a very complicated structure built 
up from simpler molecules (the building stones), which, although they are of 
the same general chemical nature, are never used in exactly the same propor- 
tions, or joined together in the same manner in different proteins. 

This conception of the structure of protein is of especial importance not 
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only in the study of protein metabolism, for which we are to use it here, but 
also in enabling us to grasp the almost unthinkable number of varieties in which 
protein exists, without there being, in many cases, any outward chemical re- 
action or physical property by which one protein can be distinguished from 
another. It is particularly important to realize, however, that differences in 
structure that are too slight to be recognizable by ordinary chemical means may 
become very apparent when the biological method is used, that is to say, when 
we proceed to observe the behavior of an animal into whose blood some of the 
protein is directly injected. As is well known, symptoms of varying severity 
develop; from the almost instantaneous death produced by snake venom to the 
slowly developing anaphylactic reactions which follow the injection into. the 
blood of many proteins that are chemically indistinguishable from those of the 
blood itself. When the protein is taken by mouth these poisonous reactions do 
not supervene—even snake venom is harmless when swallowed—nor is it pos- 
sible, during digestion of a protein meal, to detect food proteins in the blood by 
means of the precipitin reactions. Another very significant point in this con- 
nection is that no proteolytic enzymes, capable of digesting food-proteins, are 
present in normal blood, but they immediately appear following injection of 
food-protein. That the enzymes are absent in normal blood must, therefore, in- 
indicate that food proteins cannot be absorbed as such. 

What causes the difference between the parenteral and the alimentary 
absorption of proteins? This evidently is a fundamental problem not of bio- 
chemistry alone, but of the closely related science of immunology as well. The 
answer is that protein is absorbed only after being completely broken down into 
the amino acids, which are then rebuilt into the proteins of the organism. This 
view, however, did not for many years receive any direct experimental support, 
although many facts served to offer circumstantial evidence in favor of it. 
Among these may be mentioned the discovery of Buglia’ that the very slow in- 
travenous injection of completely digested flesh did not produce, on the part of 
the body, any of the reactions which we have seen protein itself produces, thus 
indicating that perfect assimilation had occurred. Other investigators succeeded, 
either in separating amino acids from the blood when very large and unusual 
quantities were directly placed in the intestine (Abderhalden, Guyon, and Lon- 
don) or in demonstrating that the non-protein nitrogen present in the blood be- 
came increased over its amount during starvation, not only when amino acids 
were placed in the intestine, but also during the digestion of protein food. Such 
results could, however, scarcely be given much weight in deciding whether, un- 
der normal conditions, protein is absorbed as its degradation products, for it 
could be argued that, just as egg-albumin is absorbed unchanged into the blood 
when very large amounts are present in the intestine, so also might amino acids. 
It had to be shown that such substances are actually present in the blood when 
digestion of protein is proceeding under normal conditions, and this, no one could 
succeed in doing. 

To account for the indisputable disappearance of amino acids from the in- 
testine during protein digestion, without any trace of them detectable in the 
blood, two views were current for many years. One of these was that the 


1Buglia: Ztschr. f. Biologie, Iviii, p. 162 (1912). 
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amino acids become deaminated (NH, group split off as NH,) by the intestinal 
epithelium, and the other that these cells are endowed with the power of re- 
combining the amino acids into protein, which then passes into the blood. 

Justification for the deaminization hypothesis seemed to be obtained by the 
observation that there is more free ammonia in the blood of the portal vein than 
in that of the systemic circulation. The falsity of this argument was definitely 
shown by Folin and Denis,* who found, by means of delicate quantitative methods 
for the estimation of ammonia and urea, the principle of which will be described 
later, that the amount of neither of these substances became increased in the 
portal blood during absorption of amino acids from a loop of intestine. They 
made the further important discovery that the ammonia in the portal blood is 
really very small in amount and represents the absorption of ammonia as such 
from the intestinal lumen, where it is produced, chiefly by putrefactive bacteria. 

Nor could any evidence be obtained in favor of the hypothesis that the 
absorbed amino acids become built up into blood proteins; it was an hypothesis 
based entirely on negative findings, and had to be dropped when discovery was 
made of the actual presence of amino acids in the blood. 

The above general statement of the development of our knowledge of the 
history of protein in the animal organism brings us to the problem as it stands 
at the present day, and it becomes of interest to examine into the methods that 
are being employed by biochemists in its further elucidation. It may be stated 
that these methods are three in number, viz.: 

1. Separation of the amino acids from the blood by dialysis (Abel, Ab- 
derhalden). 

2. Comparison of the amount of non-protein nitrogen of the blood and 
tissues before and during food-absorption (Folin, etc.). 

3. Comparison of the amount of amino nitrogen in the blood and tissues 
before and during food-absorption (Van Slyke, etc. ). 

We shall endeavor to point out the most importart discoveries brought to 
light by these methods. 


I. The Dialyser Method: Abel and Turner* were the first to succeed in 
causing the diffusible amino acids to leave the blood by dialysis in sufficient 
amounts for proper chemical identification. Their success, where others had 
failed, was due to the use of a so-called vivi-diffusion apparatus, which consists 
of a long tube of celloidin connected at one end with an artery and at the other 
with a vein of an anesthetized animal. The tube is immersed in a saline solu- 
tion approximating in composition te the salt content of the serum of the ani- 
mal. All diffusible constituents of the blood plasma accumulate in the saline so- 
lution, or if it be desired to prevent any one of them from diffusing, it is only 
necessary to add that particular substance to the saline in such amount as will 
make its concentration in plasma and saline alike. In some ways, it will be 
seen, the apparatus may be considered as an “artificial kidney.” Its possible 
clinical application, for the purpose of removing poisons from the blood, is 
being investigated. With the apparatus it has been possible to isolate several 
of the amino acids and other ammonia-yielding substances from blood. Thus 


2Folin and Denis: Jour. Biol. Chem., xi, p. 161 (1912). : 
3Abel and Turner: Journal of Pharmacology and Experimental Therapeutics, v, pp. 
625 (1913). 
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alanine and valine were obtained in crystalline form, and histidine and creatine 
could be shown to be present by their reactions. All of the amino substances do 
not, however, dialyse, for Rohde, working with Abel, has shown that there are 
certain of them that do not diffuse and are further characterized by the fact that 
they do not readily give up their ammonia on the addition of sodium carbonate, 
which the diffusible substances do.* 


II. Comparison of the Amount of Non-protein Nitrogen in the Blood and 
Tissues: As explained above, it was mainly by the use of this method that 
Folin and his pupils were able to show that neither a deaminating nor a synthe- 
sizing function resides in the intestinal epithelium. Although his methods do not 
permit us to state that amino acids as such are absorbed into the biood, the re- 
sults which he obtained can not be interpreted on any other basis. The sub- 
stances estimated in the blood are the non-protein nitrogen, the ammonia and 
the urea. The non-protein nitrogen and the urea are converted into ammonia, 
which, along with the ammonia originally present, is then determined by adding 
sodium carbonate and bubbling air through the mixture and then through a weak 
acid to catch the liberated ammonia. Nessler’s reagent for ammonia is then 
added to this flask and the intensity of the orange color which develops is com- 
pared in a Duboseq colorimeter with that given by a standardized ammonia solu- 
tion mixed with the reagent. Nessler’s test is an extremely sensitive one, be- 
ing used in water analysis, so that with due care very accurate estimations can 
be made, even on a few c.c. of blood. 

For non-protein nitrogen, the proteins in an accurately measured quantity 
of blood are precipitated by methyl alcohol and zine chloride, and an aliquot por- 
tion of the filtrate, after being heated to get rid of the alcohol, is digested with 
concentrated sulphuric acid in the presence of copper and potassium sulphates 
until all of the organic matter has become oxidized (WKjeldahl’s process). The 
clear incineration residue contains all of the nitrogen, that was present in the 
original material, as ammonium sulphate. It is diluted with water and trans- 
ferred to a cylinder in which, after being mixed with alkali, the ammonia is 
driven out of it by an air stream and estimated as above described. 

For ammonia, a larger amount of blood is taken and, after dilution, is 
mixed with sodium chloride and sodium carbonate and the ammonia driven off 
by the air stream. 

For urea, Folin’s method, which was somewhat difficult, has come to be 
superseded by that of FE. K. Marshall, Jr., which is extremely simple, and de- 
pends on the conversion of the urea into ammonium carbonate by means of the 
“urease” of the soy bean. The ammonia is then estimated by Folin’s method. 
By subtracting the ammonia found present in another sample of the same blood 
from that found after the action of urease, the ammonia derived from urea is 
determined. Certain drug manufacturers produce “urease” in the form of a 
dry powder which is extremely active and can entirely decompose all the urea 
in blood or urine in a few minutes. 

It will be noticed that the above is no direct method for estimating amino 
acids; which, however, along with certain other ammonia-yielding substances, 


4Cf. Abel: The Mellon Lecture; Science, xlii, p. 135 (1915). 
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such as creatinine, uric acid, ete., make up the remainder, after subtracting the 
nitrogen of urea and ammonia from the total non-protein nitrogen. 

We shall not go into the actual experiments which Folin and his pupils 
have performed by the use of these methods, because the conclusions are pretty 
much the same as those reached by Van Slyke, etc., which are given below. In 
a future review we hope to show how Folin’s methods have been used to in- 


vestigate the retention of nitrogenous substances in nephritis, ete.’ 


III. Comparison of the Amount of Amino Nitrogen in the Blood and Tis- 
sues Before and During Food-Absorption: In a series of papers appearing in 
the Journal of Biological Chemistry, D. D. Van Siyke, along with P. A. Levene 
and G. M. Meyer, has described in detail a method for estimating amino nitrogen 
in blood, in tissues, and in urine.° The method depends on the well-known re- 
action represented in the equation: 

RNH.+HNO.=ROH-+N,+H.0. 

The rate with which different substances containing the amino group evolve 
their nitrogen is not the same; amino acids, most proteins and hydrolyzed (di- 
gested) proteins become decomposed, with vigorous shaking, 'n five minutes; 
native proteins (i. e., those coagulable by heat) require longer, because of the 
formation of insoluble coagula which mechanically retain the nitrogen; amino 
purines (guanin and adenin) require more than five minutes. Ammonium salts 
are also decomposed by the reagent, but at a much slower rate; to avoid con- 
fusion due to the presence of ammonia, the fluid to be tested can be first of all 
aerated with Ca(OH), and the liberated ammonium driven off. Urea, as is 
well known, also liberates its nitrogen with nitrous acid, but it does so much 
more slowly than the amino acids; thus, in the time that amino acids yield 100 
per cent of their available nitrogen, urea yields only 3 per cent. When only 
small traces of urea are present, as in blood, the error which they would intro- 
duce can be eliminated most simply by first of all measuring the nitrogen elimi- 
nated in 2 to 4 minutes (according to temperature) and then continuing the 
decomposition for the same number of minutes and subtracting the nitrogen 
evolved during the second period from that of the first. The urea is decom- 
posed at a uniform rate, which is indicated by the second analysis. 

When the urea is large in proportion to the amino acids, as in urine, it 
can be removed by means of urease, an enzyme present in the soy bean and 
which quickly decomposes urea into ammonium carbonate. The ammonium thus 
produced, along with that originally present in the urine, can then he removed 
by shaking the urine with lime (calcium hydrate), filtering, and evaporating to 
dryness on a water bath. 

The apparatus employed for decomposing the substance and collecting and 
measuring the evolved nitrogen consists essentially of a mixing bulb connected 
below through stop cocks with two small burettes, one containing a solution of 


‘The important papers are as follows: 

Folin and Denis: The Journal of Biological Chemistry, xi, (1912), p. 87 and p. 493; xii (1912), 
p. 141 and p. 253. 

Folin and Lyman: ibid, xii (1912), p. 259. 

Marshall: ibid, xv (1913), p. 487. 

*The fundamental papers are as follows: Donald D. Van Slyke: Journal of Biological Chem- 
istry, Vol. ix, p. 185 (1911); Vol. xii, p. 275 (1912); Vol. xii, p. 301 (1912 (with P. A. Levene); 
Vol. xii, p. 399 (with G. M. Meyer); Vol. xiii, p. 121 (1913); ibid, p. 125 (urine); ibid, p. 187 (tis- 
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sodium nitrite and glacial acetic acid, the other a solution of the substance to 
be investigated. ‘The upper end of the bulb is connected by a three-way cock 
with a graduated gas burette and a Hempel bulb containing potassium perman- 
ganate solution. By allowing some nitrite and acid solution into it and shak- 
ing, the mixing bulb is first of all filled to a certain mark with nitric oxide 
gas. A measured quantity of the amino solution is then allowed to run into 
and mix with the nitrite which remains, the apparatus is shaken for five min- 
utes at 15-20 degrees C., and the evolved nitrogen and nitric oxide are driven 
over into the permanganate, which absorbs the nitric oxide, leaving the nitrogen, 
which is then measured in the burette. ‘To ensure thorough liberation of the 
nitrogen, the apparatus can be mechanicaily shaken, and it is so assembled that 
several consecutive analyses can be made without separating any of the parts. 
A small or micro apparatus has been devised, the accuracy of which is such that 
it entirely suffices for all physiological and clinical purposes (e. g., it requires 
only 0.5 mgm. of amino nitrogen for an analysis accurate to within 1 per cent). 

In estimating the amino substances in blood, the proteins are first of all 
removed by alcohol and the alcohol along with any free ammonia, subsequently 
removed by evaporating in faintly alkaline reaction. ‘To estimate the amino 
substances in tissues, the weighed amount of these is cut up and thoroughly 
extracted by boiling with weak acetic acid, the extract treated with alcohol to 
remove traces of protein, then concentrated in vacuo to suitable bulk, and the 
amino nitrogen determined by the usual method. 

The results which have been obtained by Van Slyke and his collaborators 
are of fundamental importance. We shall state them briefly and then proceed 
to show how they may be pieced together so as to furnish us with a more or less 
complete history of protein in the organism after it has been absorbed from the 
intestine. 

1. The blood of fasting animals (dogs) contains from 3 to 5 milligrams 
of amino nitrogen per 100 c.c. of blood. 

2. In blood removed five minutes after 12 grammes of the well-known 
amino acid, alanin (amino propionic acid) had been injected intravenously (the 
injection occupying 13 minutes) it was found that only 1.5 gms. remained in 
the blood, and after 35 minutes, only 0.5 gm.; 1.5 gm. of the injected alanin was 
excreted by the urine leaving therefore some 10 grammes, which must have dis- 
appeared somewhere in the organism. 

3. Absorption of 10 gr. alanin from the small intestine increased the amino 
nitrogen of the mesenteric blood from 3.7 to 6.3 mgms. per cent. 

4. During the normal digestion of meat the amino content of the blood 
undergoes a marked increase—doubled or more—compared with its value before 
feeding. 

5. This increase affects the blood of the femoral artery almost as much 
as that of the mesenteric vein.’ 

6. The amino bodies which disappear from the blood are merely absorbed 
by the tissues without undergoing any immediate chemical change. 


7. In the case of the muscles at least, there is a fairly definite saturation 


*Van Slyke and G. M. Meyer: Journ. Biol. Chem., xii, p. 349. (First five results.) 
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point above which it is impossible to force the amino-acid saturation. This is 
between 75 and 80 mgm. per cent. 

8. The capacity of the intestinal organs is more elastic; thus, the amino 
nitrogen of the liver may be raised to 125-150 mg. per cent. 

9, Although the tissue absorption of amino acids is extremely rapid, it 
never proceeds to such a point that the blood becomes entirely free of them. 
Thus the blood contains from 3 to 8 mgs. of amino nitrogen per cent even after 
a fast of several days’ duration. A certain equilibrium must therefore exist be- 
tween the amino content of blood and tissues, the concentration in the tissues 
being from 5 to 10 times more than in the blood.‘ 

10. In one-half hour, and again in several hours, after the slow intravenous 
injection (occupying 1 to 1'2 hours) of non-toxic amounts of glycocoll (amino 
acetic acid) or of mixtures of amino bodies obtained by the hydrolysis of casein 
or complete artificial digestion of meat, portions of various tissues were re- 
moved and the percentage amounts of amino nitrogen determined. It was shown 
that absorbed amino acids disappear rapidly within 2 or 3 hours from the liver, 
but that meanwhile none has disappeared from the muscles. The other organs 
seem to behave more like the muscles than the liver. 

11. The disappearance of amino bodies from the liver is accompanied by 
an increase in the urea of the blood.® 

12. Free amino nitrogen is present in the tissues of starving animals in as 
great, if not greater, concentration than in those of fed animals. 

On the basis of the evidence furnished by these and previous results—par- 
ticularly Folin’s—we may sum up the present-day knowledge regarding the es- 
sential Physiology of Proteins in the animal body as follows: 

sy the agency of the digestive juices the large and complex protein mole- 
cule is disintegrated into its constituent amino acids (i. e., building stones), a 
few probably remaining attached to one another as polypeptids. Some of these 
amino acids are further destroyed by the intestinal bacteria, but the great major- 
ity are absorbed unchanged into the blood of the portal system, which carries 
them past the liver into the systemic circulation without any recognizable diminu- 
tion in concentration. They do not remain for long in the blood, however, be- 
cause the tissues greedily absorb them, or if the blood is suddenly loaded with 
very large quantities, some may be excreted as such into the urine. This ab- 
sorbing power is very considerable in the muscles, but it is still more marked in 
the liver, although even this organ does not absorb the amino acids quickly 
enough to make it possible to detect any difference between the percentage of 
amino nitrogen in portal and systemic blood. The tissues do not continue to 
absorb the amino acids from the blood until this is free of them, but only to 
a certain level below which, even by prolonged starvation, it is impossible to 
lower the amino acid content. Nor is it possible, by the same means, to 
cause the tissues to lose all their amino acids, thus indicating that a certain 
equilibrium must exist between the amino nitrogen of tissues and blood. These 
facts further indicate that there can be an immediate chemical change in the ab- 


SVan Slyke and G. M. Meyer: tourn. Biol. Chem., xvi, p. 197. - (6th to 9th results.) 
*Van Slyke and G. M. Meyer: Journ. Biol. Chem., xvi, p. 231. 
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sorbed amino acids, and they explain the transfer of protein “building stones” 
which it has been known for long must occur from organ to organ during star- 
vation and from maternal organs to foetus. 

The amino acids at first deposited in the tissues must later become buiit 
into tissue protein, but since proteins vary with regard to the exact amino acids 
(building stones) used in their construction, considerable quantities of those 
substances cannot be required. 

These “rejected building stones” are again taken up by the blood, and if 
not required by some other variety of protein in the organism, are probably car- 
ried to the liver—or to other organs as well (Folin)—-where the nitrogenous 
portion of them is converted into urea. Since amino acids are present in the 
blood even during prolonged starvation, a constant migration of amino acids 
must also be going on between tissue and tissue; these amino acids must be pro- 
duced by disintegration processes of the tissue protein, a physiological autolysis. 
Some of the migrating “useful” building stones must add themselves to the re- 
jected ones and become converted to ammonia and urea in the liver. The liver, 
by constantly metabolizing the amino acids which it obsorbs, has a great capacity 
for removing these substances from the blood. This supports the long-con- 
tended view that the liver is especially responsible for the catabolism of those 
protein digestion products not utilized for tissue construction. There is ex- 
perimental evidence to show that when the above agencies, including the excre- 
tory power of the kidneys, for preventing undue accumulation of protein diges- 
tion products are overtaxed (e. g., as in disease of the liver), death may result. 
We shall, however, reserve for a future article a further consideration of these 


pathological chemicai findings. 


FURTHER STUDIES ON THE TREATMENT OF SYPHILIS OF THE 
NERVOUS SYSTEM BY INTRADURAL INJECTIONS 
(OLD SALVARSAN) 


By Upo J. Wine, M.D., ANN ARBOR, MICH. 


a a previous report'-I detailed a method of treating syphilis of the cerebro- 
spinal axis by the intradural injections of neosalvarsan, at first suggested 
by Ravaut and subsequently modified by me. 

My results on some fifteen cases thus treated were reported and in the main, 
although there were some discouraging features, they led me to the firm con- 
viction, expressed in that article, that the future therapy of syphilis of the cere- 
brospinal axis lay in the direct treatment of the nervous system itself. My con- 
viction then was, and now is that such therapeutic measures would embody the 
use of salvarsan or an elaborated salvarsan derivative, which could be used in 
sufficiently large doses without injuring the nerve tissue, rather than the em- 
ployment of the salvarsanized serum, as employed in the technique of Swift 
and Ellis. 


Wile: The Technic of Intraspinal Injection of Neosalvarsan in Syphilis of the Nervous Sys- 
tem. Jour. A. M. A., Apr. 11, 1914, p. 1165; ibid, July 11, 1914, pp. 136-141. 
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Following my first communication on this subject, numerous other writers 
have reported their results with neosalvarsan, injected directly in the cerebro- 
spinal canal, and in the main the results have been discouraging. Such unto- 
ward accidents as complete paraplegia, permanent paralysis of the bladder and 
rectum and severe neuralgic pain, were found to be common complications of 
the treatment. 

I believe that such complications, which were described as occurring in 
three of my fifteen cases, were not so much due to the toxic nature ot the drug 
itself, as to the relatively large dosage employed. 

During the past year I have modified my technique materially; first, by 
greatly diminishing the dosage of the injected material, and, secondly, by sub- 
stituting for neosalvarsan, old salvarsan. I have now employed this method in 
fifteen cases of cerebrospinal syphilis of various types and have noted very 
striking improvement in the majority of these cases and absolutely no untoward 
results in any. The technique employed, a simplification of that described by 
Ogilvie, is as follows: 

The patient is punctured in the usual Quincke position, lying on his left 
side. After the canal has been successfully entered the barrel of a 40 c.c. Luer 
Syringe is attached to the needle by means of rubber tubing about eight inches 
long. The cylinder barrel is then lowered below the level of the point of punc- 
ture and the fluid is collected until about 10 c.c. have flowed back. The salvar- 
san is a freshly prepared solution of one decigram to 30 c.c. of water. Of this 
solution an amount corresponding to one-third of a milligram (approximately 
two minims) is now carefully dropped into the fluid by means of a specially 
graduated syringe, the assistant in the meantime holding the barrel containing 
The two drops are carefully stirred into the cerebrospinal fluid by 


the fluid. 
The syringe barrel is then raised above the level 


means of a sterile glass rod. 
of the puncture and the salvarsanized cerebrospinal fluid is allowed to run back 
into the canal by gravity. 

The patient is then placed on his back and the bed elevated from six to 
twelve hours and the patient kept in bed for forty-eight hours, after which he 
is permitted to get up. Strict surgical technique is observed throughout the pro- 
cedure. 

In the cases thus treated and only in those having tabes, a slight amount 
of darting pain was noted for a few hours subsequent to the injection. This 
invariably disappeared within twenty-four hours and was the only untoward 
symptom noted. Among the fifteen cases treated were two of very desperate 
nature, one of meningo-myelo encephalitis (see Case 3), and another of hemi- 
plegia and basal meningitis (see Case 9), in both of which active general treat- 
ment had failed to bring about any improvement and it seemed as though both 
cases might succumb. As criteria of improvement were noted not only the 
subjective symptoms but more particularly the objective findings. 

On account of the marked tendency of paretic patients to remit, and on 
account of the tendency of such patients to be euphoric, no straight cases of 
paresis were treated in this fashion. I believe, furthermore, that paretics offer 
the least possible chances of improvement. Four tabo-paretics, however, were 
treated for the tabetic manifestations. They represent the greatest source of 
error on the part of the observer in reporting supposed subjective improvement. 
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A brief summary of the cases thus treated follows: 

Case 1. Tabes dorsalis, age 31. Syphilis contracted twelve years previous- 
ly. Primary optic atrophy, Argyll-Robertson pupil, lost Achilles and knee jerks, 
external rectus palsy, marked sensory disturbances in both feet, severe tabetic 
pains, difficulty in urination and defecation, gastric crises. Examination of the 
cerebrospinal fluid showed 90 cells, Nonne Apelt +++, Albumen+++, Wasser- 
mann on the fluid++++, Wassermann on the blood++++. 

April 13, 1915. Intradural injection one-third of a milligram of Old Sal- 
varsan, followed the next day by shooting pains in the instep. 

April 28, 1915. The patient returned subjectively improved, no more 
crises, walks better, tabetic pains in the legs still present, but much less severe 
in character. Examination of the cerebrospinal fluid showed 30 cells, Nonne 
Apelt positive in a dilution of one to one only; Wassermann on the cerebro- 
spinal fluid still positive. Patient passed from observation, no further report. 

Case 2. Tabes dorsalis, age 28. Syphilis contracted seven years ago. 
Sluggish pupils, lost tendon reflexes, marked Romberg, neuro-retinitis. Exam- 
ination of the cerebrospinal fluid showed 17 cells, Nonne Apelt and Albumen 
positive. \Wassermann on the cerebrospinal fluid is positive. 

Jan. 18, 1915. Intradural injection one-third of a milligram of Old Sal- 
varsan followed by some pain in the legs for six hours, subsequently felt better. 

Feb. 24, 1915. Patient returned and walks better, says he feels as well as 
he ever did, has no pains, neuro-retinitis less marked, cerebrospinal fluid showed 
10 cells, otherwise the same as before. 

Case 3. Meningo-myelo encephalitis, age 43. 
vere headaches for the past year, loss of memory, failing vision, difficulty in 
walking, neuro-retinitis with hemorrhage, three to four diopters of choked disc 
in both eves. Acusticus examination shows loss of bone conduction. 

March 26, 1915. Examination of the cerebrospinal fluid shows 240 cells, 
Nonne Apelt++++, Albumen++++, Wassermann on the cerebrospinal fluid 
This patient received three intradural 


No history of syphilis. Se- 


++++, Blood Wassermann plus-minus. 
injections at weekly intervals of one-third of a milligram Old Salvarsan. 

April 12, 1915. Examination of the cerebrospinal fluid shows 200 cells, 
Nonne Apelt++, Albumen and Wassermann still positive. 

June 19, 1915. Examination of the cerebrospinal fluid shows 70 cells. 
Nonne Apelt and Albumen markedly diminished, Wassermann still positive. 

Following the second injection almost complete clearing up of the choked 
disc, which was followed by complete recovery of the visual field, marked im- 
provement in station. ‘The headaches disappeared entirely and the memory is 
better. Patient was able to return to his work. The patient, previous to his in- 
jections, besides suffering from severe pain in the head, had a staggering gait 
and a markedly blurred vision. 

July 23, 1915. Patient returns in every way improved. 
examination shows 30 cells, but with the other findings in the cerebrospinal fluid 
unchanged. At the present writing the patient is actively at work. He writes 
that his eye-sight is as good as ever and that he continues to improve in general 
condition each day. The striking feature of this case is marked subjective im- 
provement, parallel with striking objective improvement in the neurological find- 


ings as well as in the spinal fluid. 


The spinal fluid 
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Case 4. Tabes dorsalis, age 37. No history of syphilis. Argyll-Robert- 
son pupil, marked ataxia of the feet and hands, lost knee and Achilles jerks, 
marked Romberg and marked sensory disturbances. Ophthalmoscopic examina- 
tion showed a periarteritis. Examination of the cerebrospinal fluid was posi- 
tive throughout. Patient was given one intradural injection of Old Salvarsan, 
one-third of a milligram on June 7, 1915. He has not yet reported for re-ex- 
amination, but before his temporary discharge from the hospital he was freer 
from pain than he had been for some time previously, otherwise no marked 
change. He has not been heard from since. 

Case 5. Meningo-myelo encephalitis, age 40. History of syphilis fifteen 
years ago. Anesthesia and analgesia of the fingers of the right hand, increased 
knee and Achilles jerks, unequal pupils, weakness of the left internal rectus, 
severe pain in the legs and chest, difficulty in walking. Ophthalmoscopic exam- 
ination; O. D. beginning optic atrophy and sclerosis of the vessels. Examina- 
tion of the cerebrospinal fluid showed 8O cells and otherwise positive through- 
out. Patient received three injections of one-third of a milligram of Old Sal- 
varsan intradurally at weekly intervals. [Examination of the cerebrospinal fluid 
subsequent to his second injection showed 12 cells and markedly decreased other 
findings in the fluid. Following his third injection and subsequent observation 
of this patient over eight months, says he feeis much better, is able to walk 
better; the ataxia is, however, neither better nor worse. 

Case 6. ‘Tabo-paresis, age 43. Syphilis twenty years previously. Pain 
in the stomach, dizziness, failure of memory, paralysis of the right leg seven 
years previously. Ophthalmoscopic examination: Old iritis and arterioscler- 
osis. Marked speech defect and Argyll-Robertson pupil and marked Romberg. 
Examination of the cerebrospinal fluid showed 45 cells Nonne Apelt ++++, 
Wassermann on the cerebrospinal fluid is++++. This patient received two 
doses of Old Salvarsan of one-third of a milligram intradurally at weekly in- 
tervals. Following his second injection the cerebrospinal fluid showed 25 cells 
and markedly decreased findings in the organic solids. The Wassermann is 
still ++++ positive. 

Case 7. ‘Tabo-paresis, age 46. Syphilis thirteen years ago. Lost knee and 
Achilles jerks, marked incodrdination. Romberg is positive, slight incontinence, 
marked speech defect, dizziness and failure of memory. Paralysis in one leg 
seven years ago. Ophthalmoscopic examination: Old iritis and arteriosclerosis. 
Examination of the cerebrospinal fluid showed 20 cells, Albumen slightly in- 
creased, Nonne Apelt and Wassermann positive. Patient received two intra- 
dural injections of one-third of a milligram of Old Salvarsan at weekly inter- 
vals. He is still under our care and is to receive further treatment, says he 
feels much improved, his memory seems better, walks better and has no head- 
aches, tires less easily and has now no incontinence. 

Case 8. ‘Tabo-paresis, age 52. Syphilis denied. Lost knee and Achilles 
jerk on the left side, nystagmus, diminished knee jerk on the right side, in- 
continence, memory and speech defect, staggers in the dark, pupils are unequal. 
Ophthalmoscopic examination shows edema of the nerve head. Examination of 
the cerebrospinal fluid shows 15 cells, Nonne Apelt and Albumen slightly in- 
creased. Wassermann on the cerebrospinal fluid and blood both ++++ positive. 

December 7, 1914. Patient received one-third of a milligram of Old Sal- 
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varsan intradurally. Several weeks following his injection the patient reports 
that he feels much better, has less trouble in holding and starting the flow of 
urine, otherwise no marked changes. 

Case gy. Cerebral arteritis, hemorrhage and basal meningitis, age 20. 
Syphilis six months ago. Patient was brought to the hospital unconscious, 
markedly cyanosed, involuntary movements of the whole right side. Hemi- 
plegic, irrational and at times stuporous. Ophthalmoscopic examination: marked 
neuroretinitis and edema of the nerve head. [Examination of the cerebrospinai 
fluid previous to treatment showed 600 cells and four plus throughout. Patient 
received three injections of one-third of a milligram of Old Salvarsan intra- 
durally. Following the first injection, marked cessation of the involuntary 
spastic contractions, the cyanosis improved and the mental condition began to 
clear up. Following the second injection the patient began to clear up rapidly 
and at the present time is in complete possession of his senses, but has a hemi- 
plegic residue. Eye grounds now normal. The spinal fluid in the second ex- 
amination showed marked xanthochromia, cells reduced to 200 and a corres- 
ponding decrease in the other findings. The examination of the last cerebro- 
spinal fluid showed 27 cells and the organic solids almost normal. ‘The Wasser- 
mann, however, in the fluid is still positive. 

Case 10. ‘Tabes dorsalis, age 40. Syphilis eight years ago. Marked ataxia, 
lost knee and Achilles jerks, severe gastric crises, leading to extreme emacia- 
tion. Ixamination of the spinal fluid showed 78 cells and positive other find- 
ings throughout. Intravenous injection of salvarsan failed to control the crises. 

February 4, 1915. Intradural injection one-third of a milligram of Old 
Salvarsan. Cessation of vomiting and nausea within six hours. 

Patient writes back that he has gained 20 pounds in weight, has no light- 
ning pains and is markedly improved in every way. 

October 13, 1915. Patient returns. \Wassermann on blood negative. Cere- 
brospinal fluid shows six cells entirely negative throughout. Patient has _re- 
mained well and has had no crises and no pains. 

Case 11. Cerebrospinal syphilis, gumma of the brain, age 20. Syphilis 
three months previously, malignant type followed by rupial eruption, general 
weakness in the legs and marked neuro-retinitis, marked increase in the tendon 
reflexes on the left side. Has had severe headaches and fits in which he falls to 
the street unconscious. Examination of the cerebrospinal fluid showed 40 cells 
and markedly positive other findings throughout. Blood Wassermann is also 
positive. Patient received one-third of a milligram of Old Salvarsan in the 
cerebrospinal canal on December 21, 1914. Two weeks later marked subjective 
improvement, neurological examination, however, unchanged. Examination of 
the cerebrospinal fluid showed 12 cells and correspondingly diminished other 
findings throughout. 

Case 12. 'Tabes dorsalis, age 31 (Female). Syphilis eight years ago, 
Argyll-Robertson pupil, lost knee and Achilles jerks, incontinence of urine, 
shooting pains in the legs. Examination of the cerebrospinal fluid showed 160 
cells and positive findings throughout. Blood Wassermann also positive. 

June 28, 1915. Intradural injection one-third of a milligram of Old Sal- 
varsan. Patient was discharged from the hospital two days later considerably 
improved in gait, but still some pain. 


124 The Journal of Laboratory and Clinical Medicine 


July 16, 1915. Patient returns much improved in health, she has some less 
pain. The spinal fluid shows 126 cells, Albumen +, Globulin +, Wassermann 
on the cerebrospinal fluid is plus-minus. 

August 11, 1915. Patient returns markedly improved. She now no longer 
has any pains in the legs, the incontinence has been practically recovered and 
there has been a decided gain in weight. Examination of the spinal fluid shows 
20 cells, Albumen negative, Globulin plus-minus, Wassermann still positive. 

Case 13. ‘Tabes dorsalis, (Female), age 31. Infection 13 years ago. Shoot- 
ing pains in the leg, sluggish pupils, lost knee and Achilles jerk, slight Romberg, 
marked neuro-retinitis. Examination of the cerebrospinal fluid showed 23 cells, 
Nonne Apelt and Albumen show only a slight increase over normal. Wasser- 
mann on the spinal fluid positive. 

July 1, 1915. Intradural injection of one-third of a milligram of Old Sal- 
varsan was followed by no untoward symptoms. 

July 12, 1915. Patient returned for further treatment and shows slight 


improvement. Intradural injection of one-third of a miliigram of Old Salvar- 


san. 
August 3, 1915. Intradural injection of one-third of a milligram of Old 


Salvarsan. Examination of the cerebrospinal fluid shows four cells, Albumen 
negative, Globulin negative. \Wassermann on the spinal fluid ++. Following 
this injection the patient remained entirely free from all symptoms and she has 
gained decidedly in weight. The interesting feature in this case is the prac- 
tical resumption to normal of the spinal fluid, paralleling the subjective improve- 
ment. 

Case 14. ‘Tabo-paresis, age 52. Denies syphilis. Pains in the legs of fit- 
teen years’ duration, shooting pains of the body, lost Achilles jerks, Argyll- 
Robertson pupil, marked ataxia, nervous irritability and emotional spells, neuro- 
retinitis. Examination of the cerebrospinal fluid showed 40 celis, markedly 
positive otherwise throughout. Patient received one intradural injection of one- 
third of a milligram of Old Salvarsan on August 16, 1915. This was followed 
a week later by a second puncture, showing eight cells, Nonne Apelt and AlI- 
bumen both doubtful. Subjectively as weil as objectively this patient was 
markedly improved. At the present writing the patient is subjectively much 
improved. He now has very little trouble in urination and is practically free 
from pain. 

Improvement in this case should perhaps be discounted by the fact that 
the patient has paresis as well as tabes. 

Case 15. Tabes dorsalis, age 39. Syphilis eighteen years ago. Marked 
ataxia, Argyll-Robertson pupil, impotence, marked tabetic pains, lost knee and 
Achilles jerks, marked hypotonia, unable to stand without assistance of two 
canes. 

December 16, 1914. Patient received an intradural injection of one-third 
of a milligram of Old Salvarsan, followed by slight neuralgic pains. He re- 
turned to his professional duties and subsequently wrote there has been marked 
improvement in health, gets along with one cane, and there is complete cessa- 
tion of lightning pains. Six months later the patient returned in person, walked 
over one mile to the office, still ataxic although markedly less so than before. 
Examination of the cerebrospinal fluid at first examination showed 60 cells, 
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markedly positive throughout. Six months later examination of the cerebro- 
spinal fluid showed 12 cells and markedly diminished other findings through- 
out. Wassermann on the blood and spinal fluid, however, is still positive. 
Patient received two injections with no untoward symptoms. Patient 
writes he continues to improve and is now potent. 


CoNCLUSIONS 

1. Of the fifteen cases treated by this method none have suffered any ill 
consequences. In all but two cases very definite objective improvement could 
be noted in the spinal fluid. 

2. With full allowance for the possible suggestive element there was never- 
theless a very marked subjective improvement in the majority of the cases. Such 
improvement was not seen to be transitory but appears to be permanent. 

3. Three cases have disappeared from observation, but none of the re- 
maining twelve have relapsed with regard to symptoms. Four cases have been 
restored to usefulness and are making a livelihood, which before their treatment 


they were unable to do. 


4. The cases showing the most marked improvement were those of early 
brain or cord syphilis, but encouraging results were also noted in cases of tabes 
dorsalis. No case received over three injections, but it seemed to the writer 
that further treatment in cases in which improvement had occurred would be 
indicated. 


5. It would appear that if carried out carefully, the technique of this pro- 
cedure is without danger to the patient. The method described above seems 
to possess decided advantages over that previously described by the writer. 


6. The encouraging results detailed above are qualified only by a very 
short period of time that the patients have been under observation. In no case 
has more than a year elapsed and it was not without or beyond a possibility that 
relapses may take place. The writer is inclined to believe, however, that the 
acute cases at least have been permanently benefited. 

The writer begs to acknowledge with thanks the cordial co-operation of his 
colleagues, Professors Canfield, Parker and Camp, in checking up the auditory, 
ophthalmological and neurological findings. 


THE PHARMACOLOGY OF BRONCHIAL ASTHMA* 


By D. E. Jackson, Pu.D., St. Louis, Mo. 


OT only from the obscurity of its etiology, but also in the number and char- 
acter of the remedies which have been used in its treatment, does spasmodic 
bronchial asthma present one of the most interesting chapters in modern medi- 
cine. Of the various theories which have been advanced regarding its cause, 
perhaps that which attributes its origin to a spasmodic contraction of the muscles 
of the bronchioles is now the most generally accepted. Its relation to other 
pathological conditions, such as hay-fever, spasm of the respiratory muscles, 
swelling of the bronchial mucosa, etc., we may pass over for the present, since 
the disease in its simplest form presents all the features which it is the object 
of this article to discuss. 

Among the remedies which have been more or iess extensively advocated 
for this condition may be mentioned morphine, chloral, cigarettes made from 
leaves of stramonium, belladonna or hyoscyamus, grindelia, cannabis indica, ni- 
trites or nitrates, lobelia, tobacco, pyridine, scopolamine, atropine, hyoscyamine, 
chloralamide, inhalation of chloroform, diphtheria antitoxin, arsenic (arsenious 
acid, Fowler’s solution, sodium cacodylate, atoxyl, etc.), ammonia fumes, eumy- 
drin, caffeine, diuretin, hot mustard foot baths, steam baths, epinephrine, potas- 
sium iodide, various forms of hydrotherapy, electric light baths, Reentgen rays, 
compressed air, special breathing exercises, the selection of a climate suitable 
to each individual case, etc. Some writers claim to have seen good results fol- 
low the administration of pilocarpine. 

It is impossible to state the manner in which many of these bodies might 
act to relieve the patient. With reference to a number of them, however, the 
action can easily be shown by pharmacological methods to be such as might 
readily benefit the patient. Similarly another possible feature of the disease 
which appears to have received practically no recognition in clinical literature 
may also be readily demonstrated pharmacologically. It would seem that most 
drugs which offer immediate help to the patient do one of two things. First, 
they may paralyze or depress the endings of the broncho-constrictor nerves in 
the muscle fibres of the bronchioles. This may cause the bronchioles to relax. 
The typical remedies of this group are atropine, scopolamine (hyoscine), hy- 
oscyamine, eumydrin, etc. Experimentally, the intravenous injection of one of 
these drugs may produce immediate and profound dilatation of the bronchioles 
which have been previously greatly contracted by the administration of certain 
other drugs (Fig. 1). 

Nicotine and lobeline have been believed to cause broncho-dilatation by de- 
pression or paralysis (after a slight primary stimulation) of the ganglia lying 
in the course of the broncho-constrictor nerves. Experimentally, it can be 
shown that this action is so slight that it could not be expected to be of much 


*From the Department of Pharmacology, Washington University Medical School, St. Louis, Mo. 
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use clinically. Second, drugs may relieve a bronchial spasm by a direct stimu- 
lation of the endings of the broncho-dilator nerves in the muscle fibres of the 
bronchioles. The typical drug producing this action is epinephrine. Others 
which have not been introduced into clinical medicine, but which act like epine- 
phrine are -tetrahydronaphthylamine, trimethylamine hydrochloride, etc. The 
proprietary preparation “epinine” also has a similar action. 

It is conceivable that some drug, such as amyl nitrite for example, might 
act directly on the bronchial muscle fibres and so depress them that a relaxation 
might occur in a manner analogous to the dilatation of the arterioles by the ni- 
trites. [ut only slight emphasis has so far been laid on this possibility in prac- 
tical therapeutics. 

As intimated above, it can readily be shown experimentally that at least 
two separate and distinct forms of spasmodic bronchial asthma may exist. 
Whether or not these two forms do actually occur clinicaily does not appear to 
have received any attention by clinicians, but the experimental evidence when 
considered together with the unsatisfactory and variable results of treatment in 
various individual cases, would seem to make it extremely probable that at least 
two forms of the disease may exist separately, or that in some cases both forms 
may be present at the same time. Of these two forms one may be due to ner- 
vous influences, either central or peripheral and including reflexes. In this form, 
nervous impulses arising either from direct central influences or else reflexly 
excited by some form of peripheral excitation, such as diseases of the olfactory 
sinuses, etc., pass down the broncho-constrictor nerves and finally thus indirectly 
stimulate the muscle fibres to contraction. Or, chemical substances (e. g., in- 
jected drugs) circulating in the blood may stimulate these nerve endings (either 
directly or else indirectly by stimulation of the ganglia on the course of the 
constrictor fibres). Regarding the nature of any such chemical substances, 
which might be produced in the body and possess the power of stimulating the 
broncho-constrictor nerve endings, thereby producing bronchial spasm, we at 
present know nothing. Fig. 1 shows the production of this nervous form of bron- 
cho-constriction as the result of the intravenous injection of arecoline. Atropine 
completely removes this form by paralysis of the broncho-consirictor nerve end- 
ings. Neither arecoline nor any other drug producing the nervous form of con- 
striction can have any further action on the bronchioles after a sufficient dose 
of atropine (see Fig. 2). 

The other form of bronchial spasm is due to a direct stimulation of the 
muscle fibres of the bronchioles. It may readily be produced after enormous 
quantities of atropine or scopolamine. Consequently, if an asthmatic should be 
affected with this form of spasm, atropine might be of no benefit whatever so 
far as the bronchial spasm is concerned. Fig. 2 shows the acon of dionine 
in causing a direct muscular broncho-constriction. Atropine injected during 
the contraction causes no dilatation. Injection of adrenaline, however, over- 
comes the constriction because adrenaline stimulates the broncho-dilator nerve 
endings (and the atropine has not affected these). A later injection of the same 
sized dose of arecoline as that which produced profound contraction in Fig. ! 
now causes no contraction of the bronchioles whatever. This shows that after 


Figures one and two were both made in succession from the same dog. Under deep 


ether anzsthesia the animal’s brain was destroyed by means of a probe passed through a 
trephine opening. The chest was then opened and a piece of apparatus* was inserted which 
held the chest walls rigid and in an expanded position. The chest was then closed air- 
tight and air was intermittently aspirated out of the chest at about the rate of twenty- 
five times per minute. As the chest cavity was thus aspirated, air rushed into the lungs 
through the trachea thus producing inspiration. During the intervals between aspiration, 
air was allowed to enter the chest cavity through a tube in the apparatus. This enter- 
ing air allowed the lungs to collapse of their own elasticity thus producing expiration. 
From the side tube of the tracheal cannula rubber tubing led to a recording tambour 
which wrote on the revolving surface of a smoked drum. In this manner the upper trac- 
ing in each figure was made. The extent of the up and down strokes represents the 
amount of air passing out of or into the lungs respectively. The amount of this depends, 
under constant and regular force of aspiration, on the extent of contraction or dilatation 
of the bronchioles. 
The lower tracing is the blood pressure recorded by a mercury manometer. In Fig. 
1 one-half milligram of arecoline injected into the femoral vein caused marked broncho- 
constriction by stimulating the endings of the broncho-consirictor nerves in the bronchial 
muscles (at A). ‘This also stopped the heart by stimulating the vagus endings in the 
organ (E). One milligram of atropine (D) was then injected and soon paralyzed the 
endings of the broncho-constrictor nerves in the lungs and vagus endings in the heart. 
Thus the bronchioles were again able to dilate (beginning at B) and the heart again took 


on a rapid rhythm (at C). 


*lackson, D. E.: Journal of Pharmacology and Experimental Therapeutics, 1914, v, 479. 
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FIG, 2. 


Directly after the broncho-constrictor nerve endings had been paralyzed (in Fig. 1), 
5 cubic centimetres (25 milligrams) of dionine were injected. This at once produced a 
profound contraction of the bronchioles by a direct stimulation of their muscle fibres. The 
innervation of these structures had nothing whatever to do with this spasmodic contrac- 
tion which is practically of the same order as that produced by arecoline. 

Immediately following the dionine there was injected 1 cubic centimetre (at D, D) 
of atropine. This is the same sized dose of atropine (1 miligram) as that which in Fig. 
1 caused dilatation after arecoline. The atropine in Fig. 2, however, had no effect at all 
on the broncho-constriction. Following this there was injected (at E, E) % cubic centi- 
metre of adrenaline. This was followed later by a further injection of adrenaline (at 
E’,E’). These caused prompt broncho-dilatation by stimulation of the sympathetic broncho- 
dilator nerve endings in the bronchioles. Obviously in this form of bronchial spasm atro- 
pine would be a useless remedy. Later a further injection of one-half milligram of areco- 
line (the same as the original dose in Fig. 1) was given, but this produced no effect at 
all on either bronchioles or heart, thus showing that after atropine paralysis a nervous 
form of bronchial spasm is no longer possible. 
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a sufficient dose of atropine a nervous form of bronchial spasm is impossible, 
but the direct muscular form may readily occur. A considerable number of 
drugs are capable of producing this direct muscular spasm independently of the 
innervation. Among these may be mentioned most of the opium alkaloids’ (in 
large doses) such as morphine, codeine, peronine, heroine, narcotine, etc., B- 
iminazolylethylamine, several metallic salts, etc. In many cases the direct mus- 
cular spasm produced by one of these bodies is just as abrupt and profound as 
that which could be caused by any substance acting on the nervous structures 
to cause contraction. But the spasm produced by muscularly acting substances 
is usually much more lasting in its nature and is as a rule more difficult to re- 
lieve by drugs with opposing action such as epinephrine which simply stimu- 
lates the broncho-dilator nerve endings. 

It has been shown that guinea-pigs dying from anaphylactic shock are at- 
fected by profound broncho-constriction. Atropine has been found by Auer? 
to be of benefit in these cases, but is probably not quite so efficient as a full dose 
of adrenaline. It has been suggested that the substance produced in anaphy- 
lactic shock, and which in the guinea-pig causes broncho-constriction, may be 
8-iminazolylethylamine (histamine) or some nearly related compound. And it 
has been shown by Mellanby and Twort* that certain bacteria which they were 
able to isolate from the alimentary canal, possessed the power of converting 
histidin into histamine (f8-iminazolylethylamine). Experimentally, it has been 
shown that f8-iminazolylethylamine acts directly on the bronchial muscle fibres 
(in dogs and cats), and that it is rather difficult for epinephrine to produce 
broncho-dilatation after large doses of the drug. Thus it would appear to be 
possible that B-iminazolylethylamine may be a source of broncho-constriction in 
man. 

With reference to the use of pilocarpine, it is to be remembered that the 
intravenous injection of small doses in animals causes great broncho-constriction 
by stimulation of the peripheral nerve endings. On this basis it is difficult to 
anderstand how it could possibly act to relieve an attack of asthma, but Dale* 
has recently shown that pilocarpine when injected into animals may stimulate 
the adrenal glands to an increased secretion. Possibly this may be the explana- 
tion of any (paradoxical) broncho-dilatation caused by pilocarpine. Cannon* 
has also shown that nicotine may have a somewhat similar action on the ad- 
renal glands by stimulation of the ganglia on the course of the sympathetic 
nerves supplying the adrenal glands. And Edmunds® has shown that in other 
respects lobeline acts like nicotine. This offers a possible explanation for a 
slight relief from an asthmatic attack by means of lobelia. 

In conclusion let us ask: Do there exist two separate and distinct forms 
of spasmodic bronchial asthma, the one of nervous, the other of muscular origin, 
and if so is it possible to differentiate between these clinically ? 


1Jackson, D. E.: Journal of Pharmacology and Experimental Therapeutics, 1914, vi, 57. 

Auer, J.: Journal of Experimental Medicine, 1910, xii, 151. 

*Mellanby, Edward, and Twort, F. W.: Journal of Physiology, 1912, xlv, 53. 

‘Dale, H. H., and Laidlaw, P. P.: Journal of Physiology, 1912, xlv, 1. 

‘Cannon, Aub and Binger: Journal of Pharmacology and Experimental Therapeutics, 1912, iii, 
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*Edmunds, C. W.: American Journal of Physiology, 1904, xi, 79. 


LABORATORY METHODS 


O Obtain Leucocytes.—Two general methods are employed in obtaining a 
large number of leucocytes for experimental purposes. One consists in 
throwing down the leucocytes from blood, kept fluid by citrate, in a centrifuge. 
This requires much blood and is a slow process. ‘The other consists in inject- 
ing some foreign protein, such as peptone or bouillon or aleuronate in a body 
Dold (Zentralblt f. DBakteriologie, 76, 548, 1915) has shown that dis- 
From three to six c.c. of sterile distilled water is 
Twenty-four hours later the animal 


cavity. 
tilled water is quite as good. 
injected into the pleural cavity of a rabbit. 
is bled to death, when the sterile exudate in the cavity will be found to contain 
as many as 140,000 leucocytes per cubic millimetre. Smaller amounts may be 
secured by injections of from 0.5 to 2 c.c. into the knee joints. The distilled 
water disrupts the cells with which it comes in contact and then serves as a 
foreign protein. The leucocytes thus obtained, under aseptic precautions, are 
sterile and may be used for phagocytic tests and demonstrations. 


—V.C. V. 


Test for Sugar in Normal Urine—Folin (Jour. Biolog. Chem., 
xxii, 327, 1915) proposes the following demonstration of the presence of 
traces of sugar in normal urine. ‘Two solutions are made: (A) Five grams 
of crystallized copper sulphate are dissolved in 100 c.c. of hot water and to 
the cooled solution are added 60-70 ¢.c. ot pure glycerine. (B) One hundred 
and twenty-five grams of anhydrous potassium carbonate are dissolved in 400 
c.c. of water. 

To 10 c.c. of the urine add two grams each of picric acid and good quality 
bone-black (Kahlbaum’s or Merck’s blood charcoal), shake for five minutes and 
filter. ‘The purpose of this procedure is to remove from the urine the creati- 
nine which has some reducing power. The picrate of creatinine is formed and 
is held by the bone-black. In the absence of bone-black, picric acid alone may 
be added to the urine and the mixture allowed to stand over night. The picrate 
of creatinine will be deposited by this time and is removed by filtration. 

One part of A and two parts of B are mixed in a test tube and to 10 c.c. 
of this mixture two c.c. of the creatinine-free urine are added. Two small peb- 
bles are dropped into the tube to prevent bumping and contents are heated for 
one and one-half minutes with constant shaking. 

“If the sugar present is considerable (above the normal variations) a typi- 
cal reduction is obtained. If the trace of sugar is smaller, but still rather large, 
the whole solution will become turbid as in Benedict’s test. If no such turbidity 
is produced and the boiling mixture remains clear, transfer at once (while still 
very hot) to a centrifuge tube and centrifuge for one to two minutes. Typical 
red cuprous oxide such as is obtained with pure sugar solutions will be found 
in the bottom of the centrifuge below the green crystalline potassium picrate 
which usually forms as the liquid cools.” 
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A and B should be mixed only when ready for use and the mixture should 
be boiled. If on doing this a sediment is formed, the mixture should be boiled 


and filtered before the addition of the creatinine-free urine. 


ARSHALL’S Method of Determining Urea with Urease.—As is weil known, 

urea is converted into ammonium carbonate by urease. This ferment is 

a product not only of bacterial growth, but is found in some of the higher plants, 

being especially abundant in the soy bean (Glycine hispida). Marshall (Jour. 

Biolog. Chem., xiv, 283) first used urease from the soy bean in the quantitative 
estimation of urea. 

The enzyme was first prepared as follows: Soy beans ground into a fine 


meal are kept in stock in wide mouth bottles. Twenty-five grams of this powder 
are mixed in 250 c.c. of water and allowed to stand with occasional agitation 
for one hour or longer; then 25 ¢.c. of j hydrochloric acid are added and 
the mixture kept for a few minutes at about 35 degrees. The acid precipitates 
the mass of protein in the extract but has no effect on the enzyme. The pre- 
cipitate is removed by filtration and the filtrate, containing the active enzyme, 
is put into a tube or bottle and treated with a few drops of toluene. This solu- 
tion is alkaline to methyl orange and the degree of its alkalinity should be de- 
termined. Generally 2 c.c. require from 0.28 to 0.34 ¢.c. of }} hydrochloric 
acid for neutralization. 

Van Slyke and Cullen (Ibid, xix, 211, 1914) have prepared powdered urease 
from soy beans and this has now become a commercial product. An aqueous 
extract of the beans is poured into ten times its volume of acetone when the fer- 
ment is precipitated, dried and ground into a powder. This retains its activity 
indefinitely. 

Portions of urine of 1 c.c. are measured into test tubes, diluted to 10 c.c. 
with ammonia-free water, treated with the enzyme (1 c.c. of the extract from 
the bean or the same amount of a 10 per cent solution of the powdered enzyme). 
A drop of toluene is added to each tube. The well stoppered tubes are allowed 
to stand at room-temperature over night. The enzyme decomposes the urea 


into ammonium carbonate and the contents of the tube may be directly titrated 


N 


hydrochloric acid and the per cent of urea calculated; or the am- 
monia may be blown over into 3% hydrochloric acid and the decrease in the 
acid determined. 

Van Slyke and Cullen have slightly modified the method which they illus- 


trate diagrammatically as follows: 


with 


by c.c. urine. 
5 cc. 0.6% KH, PO,. 
1 cc. 10% urease. 
2 drops caprylic alcohol. 


Stopper A and allow to stand 15 minutes. 


25 cc. acid. 
i sulphonate indicator. 
1 drop caprylic alcohol. 


| 
—V.C. V. 
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3. After standing fifteen minutes, aerate one-half minute. Then open 
A and add four to five GK.CQ,. 

4. Aerate all NH, from A into B. 

Titrate excess of acid in P+ with Pa N«OH. 


. Calculate: 0.056xc.c. 5, acid=grams of ureat+ammonia_ nitrogen 


~ 


per 100 c.c. of urine. 


The ammonia nitrogen in the urine is determined in a companion tube which 
is not fermented. “The acid neutralized is multiplied in this case by the factor 
0.0056, to give the per cent of ammonia nitrogen.” This method is suitable for 
urines which contain not more than 3 per cent of urea, about the maximum in 
human urine. In working with the urines of dogs and cats diiution is neces- 
sary. 

The urease method is especially suited for the determination of urea in the 
blood, since the ferment acts on no other constituent of this fluid. The blood as 
drawn, is mixed with one per cent its weight of solid potassium citrate to pre- 
vent clotting. If the determination is made on fresh blood, the amount of free 
ammonia is so small that it may be considered negligible. 

“Three c.c. of blood are mixed with 3 c.c. of the 0.6 per cent KH,PO, solu- 
tion and 1 c.c. of the ten per cent urease solution. Five drops of caprylic alco- 
hol are added and ten minutes are allowed for the enzyme to act. One measures 
15 c.c. of |* acid into tube I. From this on the technique is the same as in 
the urine analysis except that the titration is performed with ,\| NaOH in- 
stead of *. The calculation is very simple because each c.c. of acid neu- 
tralized corresponds to 0.01 per cent urea.” 

“Grams urea per 100 c.c. blood=0.01><c.c. AF acid. 
Urea nitrogen per 100 c.c. blood=0.00466%c.c. in acid.” 

The caprylic alcohol is used to prevent foaming. Amyl or ethyl alcohol 
or kerosene may be substituted but are not so good. 

A clinical method consists in determining the increased alkalinity of the 
urine after fermentation, with methyl orange as an indicator. The direct method 
is described by Marshall as follows: ‘Two 5 c.c. portions of the urine are meas- 
ured into flasks of 200-300 c.c. capacity and diluted with distilled water to about 
100-125 c.c. Two c.c. of enzyme solution (or 1 c.c. of a ten per cent solution 
of urease) are added to one flask, a few drops of toluene to each and the solu- 
tions allowed to remain, well stoppered, at room-temperature over night. The 
fluid in each flask is titrated to a distinct pink color with * hydrochloric acid, 
using methyl orange as an indicator. ‘The amount of hydrochloric acid requited 
for the flask containing the urine and enzyme solution less the amount used for 
5 c.c. of urine alone, and that previously determined for the 2 c.c. of enzyme 
solution (when the pure ferment is used, this correction is, of course, not needed ) 
corresponds to the urea originally present in the sample of urine. Since 1 c.c. 
of ¥*~ hydrochloric acid is equivalent to three mg. of urea, the number of c.c. 
required multiplied by 0.6 gives the value of urea expressed in grams per litre 
of urine.” —V.C. V. 
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EDITORIALS 


The Fight Against Tuberculosis in Michigan 


HE legislature of 1915 placed $100,000 at the disposal of the State Board of 
Health, to be used in the restriction of tuberculosis in Michigan. The State 
Medical Society inaugurated the work in a new way. ‘The Governor at the 
request of a committee from the State Medical Society issued a proclamation 
stating that on August 20th each member of the Medical Society would exam- 
ine anyone who presented himself without charge. Blanks were supplied the 
physicians and 438 examinations were reported. This figure does not represent 
the total number. Many physicians understood that they were to report only 
Moreover, many people who hesitated to accept a free ex- 


the positive cases. 
This movement on the part of 


amination went to the physicians on other days. 
the physicians to serve the public has been fully appreciated. 

The State Board of Health has selected a competent medical man to take 
charge of the campaign. He will have the direction of as many visiting nurses 
as may be needed. The county will be taken as the unit of the survey. Visit- 
ing nurses will go into each county and with the help of the local physicians 
County clinics wili be held in which 


will try to locate every suspected case. 
All the physicians in the 


these suspected persons will be thoroughly examined. 
county will be invited to attend these clinics and to bring patients or persons 
suspected of having tuberculosis. After the survey in a county has been made, 
the ascertained facts will be laid before the supervisors and an attempt will be 


| 
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made to induce each county to provide a hospital for the care of advanced cases 
and a full time health commissioner who with the assistance of visiting nurses 
will continue the work. The death rate from tuberculosis in Michigan is al- 
ready lower than in any other state in the Union except Utah, and it is hoped 
that this campaign will lead to a still further reduction. This is a great work 
and it is to be hoped that the medical profession throughout the country will 
show itself to be big and wise enough to lead in the restriction and the final ex- 
termination of this preventable disease. There is opportunity for the profession 
to render the country a patriotic service which has come to no other class of 
men at any time or any place. To show ourselves practical leaders in the re- 
striction of tuberculosis and other preventable diseases means the respect and 
gratitude of all thinking men and there need be no fear that the profession will 


not be amply rewarded for such service. —V.C. V. 


The Action of Smallpox Vaccine 


7 the man who has not been vaccinated and has not had smallpox, the virus 

ot this disease is pathogenic. To the man who has been vaccinated or has 
recovered from an attack of the disease, this virus is non-pathogenic. How 
does vaccination secure protection? In wvariola vera the infection is general 
and is distributed through all parts of the body in the blood. Animals have 
been successfully inoculated with the blood, bone marrow, lungs, testicles, and 
other tissues of the smallpox victim. In this way the disease has been induced 
in apes and locally in the cornea of rabbits. While the virus is generally dis- 
tributed in variola, the predilection site for it is in the epithelial tissue where 
it forms pustules. 

In variola, pustulation is multiple; in vaccinia, it is single. In the former 
the contents of a pustule, even when diluted a thousand times, induce variola 
when inoculated into a susceptible individual. In the latter the contents of the 
single pustule confer immunity when inoculated into a susceptible individual. 

Is the vaccine virus distributed through the body in the circulation from 
the site of inoculation? This is an important question from either a theoretical 
or a practical view. Only in rare instances does multiple pustulation follow 
vaccination. So long ago as 1829 it was held by Eichhorn that the vaccine virus 
is distributed through the body in the circulation. He scarified the skin of 
children at points distant from the site of inoculation on the fifth day after 
vaccination with a “clean” lancet and saw vaccination pustules form at the 
points of scarification. A “clean” lancet in 1829 did not imply a sterile one. 
Strange to say, this statement of Eichhorn has never been satisfactorily con- 
firmed or denied. It was confirmed by Wolffberg in 1885, but his statements 
leave one in doubt concerning his aseptic precautions and the possibility of in- 
fecting the scarifications from the primary vaccination by external agents rather 
than through the circulation. Ejichhorn’s experiment has found denial in those 
made with all needed precautions by Nobl, but for some reason, not stated, Nobl 
made the scarifications between the tenth and twentieth days after vaccination 
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and not on the fifth day as Eichhorn did. The belief that the vaccine virus is 
distributed through the blood and may cause pustulation in distant parts of the 
body wherever the skin is broken, has led to caution in vaccination of children 
with eczema. Undoubtedly such children in some instances develop multiple 
pustulation over the eczematous areas. It is most probable that these areas are 
infected through the fingers rather than through the blood. However, the evi- 
dence that the vaccine virus does find its way into the blood after ordinary vac- 
cination cannot be ignored or lightly cast aside. In 1872, Richter applied a ves- 
icator to an unvaccinated child, removed the skin from the blister and applied 
to the raw surface lint moistened with the blood of a child which had been vac- 
cinated eight times, twenty-four bours before. At the same time he made five 
small incisions in the skin of this unvaccinated child and rubbed into these 
dried blood from the vaccinated child. On the eighth day after this procedure 
he saw eight well-developed cow-pocks on the blister and one in the incisions. 
Neisser reports successful vaccination with the bone-marrow of an ape taken 
fifteen days after the animal had been vaccinated. Pfeiffer, Frosch, Wasielew- 
ski, and others have reported the presence of the vaccine virus in the liver, 
spleen, kidneys, lungs, and other organs of vaccinated calves. The expressed 
juice from these tissues induced typical corneal vaccinia in rabbits. 

On the other hand, numerous investigators have failed to find any evidence 
that the vaccine virus is distributed in the blood. Halterstadter and Prowazek 
used 228 animals with no proof of the distribution of the vaccine virus through 
the blood. Similar negative evidence has resulted from the experiments of 
Calmette and Guerin, Prowazek, Haaland, Hansen, Jiirgens, Supfie, and others. 
Some of these investigators have approached the subject from another direction. 
For instance, Prowazek and Yamamoto injected vaccine virus directly into the 
circulation and found that it disappeared from the blood within an hour and 
from the liver, spleen, and bone-marrow within two hours. It can be detected 
in the skin any time within two days after intravenous injections, as has been 
demonstrated by the experiments of Calmette and Guerin. The intravenous in- 
jection of vaccine virus in experimental animals is followed by no pustulation 
unless the skin be broken. Calmette and Guerin found that pustulation could 
be induced any time within twenty-four hours after intravenous injection in rab- 
bits by shaving the back and rubbing the skin with sandpaper. 

It is safe to conclude from the evidence that vaccine protein has its predilec- 
tion for epithelial tissue, that it speedily disappears from the blood when thrown 
directly into the current and that its distribution through the blood is unusuai 
or does not occur after ordinary vaccination. 

That the vaccine virus does not enter the blood in vaccination in man is 
indicated by the fact that eczematous children may be vaccinated without the 
development of pustules in eczematous areas when these are protected against 
external infection. When large amounts of vaccine virus are used, some of it 
may enter the blood from which it soon disappears and is deposited in the epi- 
thelial tissues where it induces pustules only when this tissue has suffered some 
injury. In vaccination as ordinarily practiced in man the virus grows only at 
and about the point of inoculation. Accepting this as true, how is the immunity 


| 
i 
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induced by vaccination to be explained? ‘Tanaka, Freyer and Casagramli have 
concluded from their experiments that the blood of the vaccinated and of con- 
valescents from smallpox contains specific precipitins, but Pirquet and Prowazek 
have shown that vaccine lymph itself deposits a flocculent precipitate on stand- 
ing. Jobling and others have studied complement fixation in the blood of the 
vaccinated and that of convalescents from smallpox, but the methods employed 
have varied so greatly and the conclusions reached have been so dissimilar and 
even contradictory that nothing definite has been established. 

Attempts to passively immunize children and calves with the blood and 
serum of the vaccinated and of smallpox convalescents have been made by many, 
first by Chaveau and since his time by many others. Earlier experiments in‘ 
this direction were wholly negative. In later years much larger amounts of 
blood have been employed—even transfusion in calves—and partial immunity 
as been secured in this way. 

It was first shown by Sternberg in 1892 that immune blood, whether the 
immunity be induced by vaccination or by an attack of smallpox contains a spe- 
cific vaccinicide. Sternberg’s demonstration was made in the following way: 
Equai quantities of the immune blood and the vaccine lymph are thoroughly 
shaken in a test tube. The mixture or the sediment from the same is without 
effect on susceptible individuals. This experiment has been repeated and the 
finding confirmed by many. The serum of susceptible individuals has no effect 
on vaccine virus, while that of the immunized promptly destroys it. 

The vaccinicide action of the serum is evident about the eighth day after 
vaccination and increases for three to four weeks. In some instances it per- 
sists for years, but this is not the rule. Even after the presence of the vac- 
cinicide in the serum cannot be demonstrated, the skin retains its immunity. In 
fact, the skin immunity appears a day or two before the presence of the vac- 
cinicide in the blood can be demonstrated and may persist for years after the 
blood vaccincide cannot be demonstrated. It seems justifiable to conclude that 
the vaccinicide is formed in the epithelial cells. 

The vaccine virus grows only at and immediately about the point of in- 
oculation. In doing this it elaborates enough vaccine protein to sensitize the 
epithelial cells of the whole body. The sensitizing agent is not the living virus 
but the protein of the dead virus. That this is true is proven by recent experi- 
ments of Siiffle and others which show immunity may be induced by vaccine 
lymph. sterilized but without the production of a pustule. Of course this 
method necessitates the introduction of relatively a very large amount of the 
lymph. It must equal that produced by the living virus in the formation of the 
pustule. The sensitizing consists in developing in the epithelial cells a new 
function, that of digesting and destroying vaccine protein. Vaccine protein and 
smallpox protein are so closely related that a ferment which destroys one has 
a like effect upon the other. When the individual protected hy vaccination is 
exposed to smallpox or takes the smallpox protein into his body, it soon finds 
its way to its predilection tissues, which consist of the epithelial cells. The 
cells now exercise the function developed in them by vaccination and destroy 
the smallpox virus before it has time to multiply to a dangerous extent. There 
seems to be no missing link in the chain of facts connected with the develop- 
ment of immunity to smallpox by vaccination. —V.C. V. 


‘ 
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Recent Work on Blood-Pressure Measurements in Man 


(Continued from page 68.) 
THE Dtastotic PRESSURE 


A° we have already pointed out, much more is to be learned concerning the 

efficiency and condition of the circulatory system by measuring the dias- 
tolic pressure than by measuring the systolic. A knowledge of both pressures 
is important, and both should always be measured, but, taken alone, the diastolic 
is the more important pressure to employ in clinical diagnosis. Although every 
authority, nowadays, insists on this fact, yet there are comparatively few phy- 
sicians who make diastolic pulse gauging a routine, or indeed even an occasional, 
practice. The reason for this neglect is undoubtedly the unsatisfactory and un- 
certain nature of the methods which, until recently, have been at their disposal. 
But such is no longer the case, and we shall endeavor in this review to ex- 
plain the newer, accurate and simple methods and to show how various investi- 
gators, particularly Professors Leonard Hill and MacWilliam and _ their co- 
workers, have succeeded in proving the reliability of them. In general, two 
methods may be employed, the oscillatory and auscultatory. One procedure is 
common to both, namely, to apply an armlet to an artery that is well sur- 
rounded by soft tissues, such as the brachial in the arm or the femoral in the 
thigh. The pressure in the armlet is then altered by means of a suitable pump 
and is registered on a manometer, which may be either a spring instrument (such 
as the Hill-Barnard or Faught) or a column of mercury (such as the Riva 
Rocci or Janeway). In the oscillatory method, the diastolic pressure is taken 
as that at which the oscillations of the manometer are greatest in amplitude; in 
the auscultatory, it is taken as that at which a sudden change in intensity and 
character occurs in the sound that may be heard with each pulse beat by listen- 
ing through a stethoscope or phonendoscope placed over the artery below the 
armlet, for example, at the bend of the elbow when the brachial artery pressure 
is being measured. 

The Oscillatory Method. A most exhaustive investigation of the reliability 
of this method has been published by MacWilliam and Melvin,’ and their gen- 
eral conclusion is that “the Marey principle . . . that the maximum oscillation 
occurs when the external (armlet) pressure counterbalances the internal dias- 
tolic pressure . . . is erroneous.” Instead of this being the case, they con- 
clude that “maximum oscillation occurs at levels of external pressure above 
and often very considerably above the actual internal diastolic pressure, the ex- 
cess varying between a few m.m. Hg. and 20 m.m. or more.” 

These criticisms of the principle of the method are rendered more serious 
by the further conclusion that there is often no reliable way for ascertaining 
at what pressure the maximum oscillation occurs. Several methods have been 
in vogue for determining this point. These methods have been: (1) To take 
the midpoint in the period of approximately maximal oscillation—found to give 
widely varying overestimates. (2) The Recklinghausen-Erlanger index or the 
last phase at which the oscillation is maximal—found to be valuable only when 
a characteristic change in oscillation magnitude is clearly recognizable, and even 
in this case the diastolic pressure is that obtaining just after the abrupt diminu- 
tion has occurred. (3) The Sahli, Masing, etc., method, in which changes 
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(observed by palpation or by sphygmographs) in the artery peripheral to the 
armlet are used—found to be dubious and the interpretation unreliable. The 
same is true when subjective changes, such as the throb feit in the limb, are 
used. 

These conclusions are based on evidence obtained by experiments with an 
artificial schema consisting of a wide glass tube (the compression tube), filled 
with Ringer’s solution, representing the armlet, and having a fresh artery run- 
ning along inside it from end to end. The artery is attached to tubing through 
which occurs a pulsatile flow of oxygenated Ringer's solution at varying pres- 
sures, which are indicated by valved manometers connected with the artery tub- 
ing just beyond the compression tube. The pressure in the latter is also meas- 
ured by a manometer and it 1s caused to vary by a suitable compressor. Fresh 
arteries are used in these newer artificial circulation models, because, as Mac- 
William has shown, living arteries when subjected to changes in pressure in- 
side or outside, do not behave like dead arteries or rubber tubes. Arteries are 
tubes of very special structure, and their expansile and elastic properties de- 
pend on their being alive. 

By comparing the behavior of the artery with the pulsating movements of 
a spring manometer which was connected with the compression chamber, un- 
der different degrees of pressure inside and outside the artery (as ascertained 
by the appropriate manometers) the following was observed : 

“The maximal oscillation only occurs when the artery is flattened between 
the pulse beats to a very considerable extent.” That is to say, it occurs at an 
outside pressure which is above the diastolic, for at this pressure the vessel 
A higher external pressure causes diminished 


should retain its circular shape. 
So also does lowered pressure 


oscillation by producing excessive flattening. 
because the vessel, being circular between the beats, only expands into a wider 
circle with each pulse wave. It was noted, however, that often “the change be- 
tween the latter form of expansion and that compounded of such expansion and 
the opening up of a partially flattened vessel is sharply marked and . . . con- 
stitutes the real basis of the Recklinghausen-Erlanger index.” According to 
this observation, therefore, the diastolic pressure, as measured by the Erlanger 
apparatus, is the level at which the markedly diminished excursions are first ob- 
tained. 

The authors speak of the vessel as being in zero position (of normal cir- 
cular form with zero pressure inside); half-flattened or completely flattened. 
They have found that the half-flattened position is the optimun one for a sys- 
tolic expansion to start from, i. e., it takes fewer m.m. Hg. pressure to produce 
a maximal oscillation with the vessel in this position than in any other. 

We shall return to these experiments immediately, when considering the 
auscultatory method, but meanwhile we must note that Flack, Hill and Me- 
Queen* have pointed out certain fallacies in the schema of MacWilliam and 
Melvin, and therefore in the conclusions which these authors have drawn. 
Flack, Hill and McQueen consider the model too simple since it does not rep- 
resent the influence which the vascular tissues, enclosed in the armlet, will have 
on the pulse wave. As indicating the unreliability of the simpler model, they 
point out that in it a compressing force, which was insufficient to obliterate the 
pulse, caused a great fall in the manometer which was placed distally to the 
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compression. This would mean that, in the living subject, when the compressing 
force which was just below the systolic was applied (in an armlet applied at the 
upper arm), a second armlet placed below the first one (at the forearm) would 
register a systolic pressure which was much lower than the actual. This, how- 
ever, is not the clinical experience, for the second armlet under such conditions 
actually registers the true systolic pressure. Thus, in a case in which the sys- 
tolic pressure is 115 m.m. Hg., if a pressure of 110 m.m. is applied at the 
brachial, and another armlet put below the first and the pressure raised within 
it, the pulse at the radial will not be obliterated until the pressure in this arm- 
let reaches 115 m.m. Hg. 

They point out other inconsistencies in the model, such as the fact that 


with moderate compression it does not show the increase in amplitude of the 
pulse below the compression, which we have seen to be the clinical experience 
(see p. 66). 

To represent the actual conditions, Hill, etc., have constructed a more elabo- 
rate circulatory model* consisting of two glass compression chambers connected 
with each other and to a compression bottle. [In one is placed a piece of human 
carotid artery, in the other a schematic representation of the tissue vessels con- 
sisting of a very thin-walled wide rubber tube filled with broken rubber sponge 
and supported on the outside by muslin. These essential parts of the model 
were arranged in different relationships to each other in the numerous experi- 
ments that were performed with them, and the pressure changes and pulse 
oscillations were recorded by connecting manometers, at various parts of the 
schema. The pulsatile flow, ete.. was provided for in the usual manner. In 
the present connection the most important experiments were those in which the 
resistance to outflow and the diastolic pressure increased pari passu with the 
compression. In these, the diastolic pressure and maximal pulse were in agree- 
ment. 

Other well-known clinical facts which could be duplicated on the schema 
were as follows: (1) “The pulse may reappear on decompression at a lower 
pressure than that at which it disappears on compression; (2) the radial pulse 
is reinforced when the compressive force applied to the upper arm is below the 
diastolic pressure; (3) the diastolic pressure is raised towards the systolic in 
proportion as the peripheral resistance is increased by obstruction of the venous 
outflow. 

We have already seen, in connection with systolic pressure, how the model 
could also be used to demonstrate the difference which is often noticed in the 
leg and arm systolic pressures (see p. 65). 

To sum up this part of the work, MacWilliam and Melvin assert that the 
diastolic pressure in the artery does not always coincide with the maximal pulse 
observed in the armlet manometer, whereas Flack, Hill and McQueen find that 
they are in agreement. As far as one can judge, without actually repeating the 
experiments, the balance of evidence is in favor of the views of the latter group 
of workers. This does not detract from the importance of MacWilliam and 
Melvin’s work, for as we shall see immediately, it has proved of immense value 
in proving the reliability of the auscultatory method. 

The Auscultatory Method: Both schools of workers are in agreement that 
the diastolic pressure corresponds to the pressure registered in the armlet when, 
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on gradually decompressing this, a sudden diminution occurs in the sound heard 
in the artery below the armlet.® ? 

To secure trustworthy results the following conditions must, however, be 
observed in using the method: 

(1) The armlet should entirely surround the limb and should be at least 
12 cm. in width.! 

(2) It must be applied to an artery which is surrounded by vascular tis- 
sues, such as in the upper arm and thigh, and cannot be used on an artery lying 
on bone.' 

(3) The phonendoscope or stethoscope should be laid without pressure 
just below the armlet; on raising the armlet pressure above the systolic and 
then slowly decompressing, clear sounds become audible, with each heart beat, 
gradually getting louder and often murmurish in quality. At a certain pres- 
sure the loud sounds suffer a sudden diminution in volume and tone. The pres- 
sure in the armlet at this moment is tie diastolic.’ * Dull sounds continue to 
be heard on further lowering the pressure, but these have no diagnostic sig- 
nificance. The method may also be applied with gradually rising pressure, the 
point of sudden increase in the sound being the diastolic index. 

(4) The systolic index should also be measured by the auscultatory method 
(see p. 64), but not only because it is important to know it, but in order 
that it may be compared with the systolic index as gauged by the reappearance 
of the pulse as felt by the finger. The auscultatory index should be above the 
palpatory; if it is not so, the apparatus must be readjusted.’ * 

(5) The method is not applicable in cases of aortic regurgitation, on ac- 
count of the continued presence of the well-known sound. 

(6) Too prolonged application of the armict, by causing congestion and 
stagnation of blood in the limb, may cause the auscultatory method to be un- 
reliable.’ 

Alterations in the arterial wall do not interfere with the accuracy of the 
method unless they are severe. Insufficiency of flow through the artery and 
conduction of the sound along bone are, however, possible sources of fallacy.’ 

The exact condition of the blood vessels at the diastolic index can be beau- 
tifully demonstrated in MacWilliam and Melvin’s simple model,’ for if an aus- 
cultatory instrument be applied to the tube leading from the artery just beyond 
the compression chamber, sounds are heard which correspond to those heard 
in the arm, etc. 

By watching the artery under different conditions of external pressure 
while listening for the sounds, it was found, on gradually lowering the pres- 
sure from above the obliteration point, that the sound begins as soon as a cer- 
tain amount of fluid is forced through the compressed area at each pulse (the 
systolic index). As the flattening becomes less, the sound becomes louder and 
a murmur develops. When these are at a maximum there is seen to be ex- 
tensive flattening with very obvious vibrations of the arterial walls, which may 
often cause a sensation of thrill on palpation. The sound suddenly becomes less 
and changes in character just exactly when the external pressure no longer pro- 
duces any flattening of the vessel between the pulses: evidently, therefore, this 
is the diastolic pressure. As the external pressure is still further lowered, the 
sound gets less and less and finally disappears. 
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It must be clearly understood that it is the systolic wave that produces the 
sound that is to serve as an index of diastolic pressure. ‘To quote MacWilliam 
and Melvin,’ “Though the sound is actually elicited by the systolic wave, its oc- 
currence and non-occurrence and its character when present are determined by 
the intra-arterial pressure existing during the diastolic phase and its relation to 
the external or armlet pressure. If the intra-arterial diastolic pressure stands 
in such a relation to the armlet pressure that some distortion of the arterial 
walls from the circular form—that is, some flattening—occurs during diastole, 
then the loud, clear sound is heard. On the other hand, when the relation is 
such that the intra-arterial diastolic pressure is not sufficiently below the level 
of the armlet pressure to ensure some flattening between the pulse beats, the 
sound, if audible at all, is dull in character. The change (during the lowering 
of the armlet pressure) from the clear to the dull and weaker sound, occurring 
as soon as the external arterial pressures are approximately cqual, constitutes 
the index of the diastolic pressure.” 

Lastly it should be mentioned that Flack, Hill and McQueen? in confirming 
MacWilliam and Melvin’s findings have shown that there are really two ele- 
ments that enter into the production of the sounds, viz.: (1) the vibrations 
which are set up in the arterial wall by the onrush and outrush of blood which 
is synchronous with each systolic wave; (2) sudden changes in the tension of 
the arterial walls produced by each systolic wave. ‘The former, or vibration 
sounds, depend on the degree of constriction of the artery under the armlet, 
but the latter, or “tension” sounds, are independent of this and occur, therefore, 
after the pressure has been lowered below the diastolic. 
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Indigestion 


HAT the term indigestion covers a multitude of evils is fairly well known. 
That the term is used rather indiscriminately, and usually has a purely 
symptomatic meaning is fairly well realized. It is further, a term which may 
include anything from “stomach trouble” to flatuience. One reason, perhaps, 
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that “indigestion” is so nondescript is because the methods for arriving at an 
exact diagnosis are so tedious in some cases, and perhaps ill understood.  Per- 
haps the physiology of the gastro-intestinal tract is not sufficiently understood 
by many. It is therefore a valuable contribution of Vander Hoof! which deals 
with 1,000 cases of “indigestion.” These cases were studied thoroughly, and 
use was made of all the clinical methods including blood examinations, X-rays, 
and urine and gastric chemical methods. No reference however was made to 
routine examination of the feces. 
The results of the study are summarized as follows: 


Chronic gastritis, visceroptosis, peritoneal adhesions, entero- 


Affections of the kidneys, lungs, heart, eyes, blood and ductless 
glands, ears, central nervous system, female pelvic organs, 
migraine and infectious diseases ........................ 29 per cent 
100 per cent 
In other words, in 25 per cent of the cases the symptoms of “indigestion” 
were reflex in origin, and were not the result of gastro-intestinal disease. Van- 
der Hoof remarks that the percentages attributed to peptic ulcer and to the 
neuroses are probably too high, because in the cases of ulcer many of the 
cases were treated medically, and because a question mark follows the diagnosis 
of neurosis in many cases. He believes that many of the cases in these groups 
may have been the subject of appendix or gall-bladder disease. 
Many of the patients who received surgical treatment for appendix or gall- 
bladder diseases have been followed with the following results: 


Patients Patients Per cent Much Not 
Operated. Reported. Weil. Improved. Improved. 
Percent Percent 
145 93 58 29 13 
tac wa OO 41 68 7 
205 134 61 28 11 


If one takes the above figures in which there is no doubt of the gastro- 
intestinal origin cf the symptoms, he finds that 45 per cent of the 1,000 cases 
are definitely of infectious origin. If one adds to that figure such other groups 
as peritoneal adhesions, chronic infectious diseases, dysentery, diseased tonsils, 
intestinal parasites, diverticulitis and tuberculosis, he realizes that at least 60 
per cent of the cases, and probably more, are of infectious origin. 

Recent work, and particularly that of Rosenow, has indicated that chole- 
cystitis, appendicitis and gastric ulcer are results of infection from foci of in- 
fections frequentiy outside the digestive tract. It is, therefore, not to be won- 
dered at that treatment which merely aims at correcting gall-bladder or ap- 
pendix conditions, for instance, results in but 61 per cent of cures. In the 
other 39 per cent of cases the sources of infection may not have been removed. 
One might suggest inat intensive study of the teeth and cranial sinuses and 
antra might add to the value of studies on indigestion. —P. G. W. 

‘Johns Hopk. Hosp. Bull., 1915 (20) 151. 
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Alkali Salt Therapy in Anuria 


iy has taken a long time for the methods of M. H. Fischer for producing de- 
hydration of protoplasm to be used in treatment of appropriate cases. A 
reason for this is that there has been difficulty in deciding what cases are appropri- 
ate. There can be no doubt that in those clinical conditions which are due to 
tissue cedemas with no other complicating causes the hypertonic alkaline 
salt solutions are valuable. In toxic anurias for instance, which are the results 
of local cellular effects in the kidneys, no one can have any doubt of the value 
f alkali treatment. On the other hand, in those cases in which the symptoms 
are the result of a combination of cellular and vascular effects (as in renal ar- 
teriosclerosis ), brilliant results are not to be expected, for if the vascular con- 
ditions are such that the organ is only barely well supplied with oxygen, and if 
then the cells swell under the influence of some toxic influence which does not 
permit the cells to use what oxygen comes to them, alkaline and salts added to 
the blood will not reach the cells in sufficient amounts or in time to produce the 
dehydrating action upon which a return to former conditions depends. Further- 
nore, when a toxic material produces an irreversible change (coagulation) or 
the proteins of the cells (of the kidney, for instance, in anuria) neither salt and 
alkali nor any other drug can help. 

In this connection a report by Woodyatt' is a valuable one. This case was 
one which became anuric after receiving three doses of salvarsan in eight days, 
in 0.3, 0.3, and 0.4 gram amounts. Evidently the arsenic produced cellular 
asphyxia which expressed itself renally in the absence of urine. Asphyxia is 
the equivalent of acidosis, and acidosis leads to colloidal swelling. The patient 
was treated with Fischer's solution by bowel, and sodium bicarbonate lemonade 
by mouth. Some few hours later the anuria disappeared. The first day 600 
c.c. of urine passed; the second day 900 c.c., and at the end of the week the 
daily average was 1,500 c.c. “An isolated experience of this sort is considered 
as suggestive that a suitable application of the same general therapeutic prin- 
ciples might prove of value in intoxications of the type described.” 

Salt-alkali treatment has also been advised in other conditions which are 
supposedly due to overproduction of acids in the cells of the tissues. For in- 
stance, Wherry? advised it in cholera, in which disease its value has been studied 
and systematized to a certain extent by Sellards.*. Woolley' also has suggested 
the use of alkali-salt solutions in insolation which is reasonably explained as an 
acidosis resulting from rapid metabolism due to heat retention in the body. 

Evidently it is becoming more and more apparent that many of the con- 
ditions which we have been wont to call uremia, nephritis, etc., are merely 
sedemas, and that these eedemas are the results of water retention by the proto- 
plasm of organs which is brought about by increased presence of acids, and 
which may be controlled (and which is normally controlled) by salts. If the 
eedema is a cerebral one, uremia results; if it is renal, we speak of nephritis. 
These as a rule are the result of the presence of abnormal amounts of acids in 
the tissues, or perhaps, of decreased salts,—at any rate, of relative increased acid 
content. Alkali will help to neutralize the acid and salts will dehydrate the 


protoplasm. --P. G. W. 
*Woodyatt: Jour. A. M. A., 1915 (64) 1811. 
*Wherrv: Forchheimer’s Theraneusis of Int. Disezses, 1912, Vol. Iv. 
‘Sellards: Amer. Jour. Trop. Dis., 1914 (2) 104. 


*Waolley: N. Y. Med. Jour., June 13, 1914. 
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Mutation in Bacteria 


-* Sleeswijk (Weichardt’s Ergebnisse, 1914) points out, the founders of the 

science of bacteriology held widely divergent views concerning the mu- 
tability of bacteria. Nageli wrote: ‘The same species in the course of genera- 
tions may differ greatly both in form and in function. It may cause the sour- 
ing of milk, the development of butyric acid in sauerkraut, the ripening of wine, 
the putrefaction of proteins, the decomposition of urea, the fermentation of car- 
bohydrates, cause diphtheria, typhoid fever, recurrent fever, cholera, and ma- 
laria.” ‘This certainly would be designated now as wholly untenable. 

At the other extreme were the views of Cohn who taught that identifica- 
tion and classification must be determined wholly by the form. Pasteur, who 
was a chemist before he became a bacteriologist, concerned himself but little 
with the morphology of the organisms which he studied, but depended upon their 
functions. Koch whose dictum has largely dominated bacteriological studies de- 
pended largely upon cultural characteristics as shown in growths on solid media. 
The slightest variation in these has been deemed sufficient to proclaim a new 
species or at least a variety. At first special stress was placed upon the mor- 
phology of the individual bacterial cells, but soon it was seen that pathogenic 
and saprophytic bacteria may not be distinguished by form, while undoubtedly 
pure cultures showed marked polymorphism. ‘Then attention was diverted to 
the forms of colonies, but like variation was soon evident in these. 


In attempting a study of mutation in bacteria we must distinguish between 
those variations which are inherited and continued from generation to genera- 
tion and those which are only temporary and undoubtedly due to wholly external 
conditions. As an instance of the latter we may mention the frequently ob- 
served fact that of a number of bouillon flasks inoculated with the same diph- 
theria culture, some will yield a rich toxin while others produce only a little. 
In this case there is some difference in the contents of the flasks. The experi- 
menter may not be able to determine what this difference is, but there can be 
no doubt of its existence, because bacteria taken from a flask in which the pro- 
duction of toxin has been slight and placed in ancther often elaborates a large 
amount. Even more marked variations may be due to temporary conditions 
and should not be regarded as mutations. For instance, Bordet and Gengou 
have shown that the bacillus of whooping cough grows on a specially prepared 
medium consisting of potato, blood and agar. It also grows fairly well on or- 
dinary agar. The growths on these two media show marked differences. One 
erowth is known as the “blood hacillus” and the other as the “agar bacillus” and 
the serum of an animal treated with the “agar strain” agglutinates this strain, 
but not the “blood bacillus,” while the serum of an animal treated with the 
“blood bacillus” agglutinates both strains. This difference, however, is not in- 
herited and the “agar bacillus” when grown on the medium containing blood be- 
comes the “blood bacillus,” and vice versa. In other words, the differences be- 
tween the two strains are wholly determined by the medium on which the bacil- 
lus is grown and are not due to any permanent alteration in the bacterial cell 
itself. 

The terms, variation and mutation, have been used loosely and interchange-’ 
ably. In discussing the subject of mutation in bacteria, I will restrict this term 
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to those changes in form or function which persist through one or more gen- 
erations after the cause of the alteration has ceased to operate. In other words, 
mutation, as I will use this term, means alteration in form or function which is 
inheritable or transmissible to succeeding generations. To state it differently 
still, it means the inheritance of acquired characters. Does this occur in bac- 
teria and if so what is the mechanism of its development? These questions are 
of importance for the light that they may throw upon the inheritance of ac- 
quired characters in multicellular organisms and for our guidance in the study 
of bacteria themselves. 

Eisenberg (Weichhardt’s Ergebnisse, 1914) has collected and discussed the 
literature of this subject. I will utilize the wealth of material which he has 
brought together, but will develop my own conclusions. Weismann taught that 
since bacteria multiply by fission, each descendant being half of the parent, the 
new generation cannot differ from the preceding and that in unicellular or- 
ganisms the inheritance of acquired characters is not possible. In short, there 
can be no acquired characters, since the descendants in each generation are 
equal parts of the parent. Eisenberg properly refuses to accept this dictum and 
points out that each individual in the new generation must construct half itself 
out of the medium in which it lives. There must be a chemical reaction between 
the newly-born bacillus and the constituents of the medium in which it develops 
its other half. In this reaction is there not the possibility of an alteration in 
the inherited half? We will suppose for instance that a given strain of the 
typhoid bacillus has never been grown in a medium containing a given carbo- 
hydrate, consequently it has never fed upon or decomposed that carbohydrate. 
Now, plant it in a medium containing this new constituent, it develops the 
capability of utilizing or decomposing this substance. We can conceive of its 
doing this only through the action of a ferment which it has not previously 
used. It is true that it may have possessed this ferment before it had oppor- 
tunity to use it, but when we find that with each transplantation it acts more 
energetically upon this carbohydrate, we must admit that quantitatively at least 
its function in this direction has been developed. A given bacillus is destroyed 
by a highly dilute solution of some poison, such as arsenic, mercury or quinine, 
but by transferring it from still more dilute to more concentrated solutions it 
finally becomes immune to this poison and one hundred times the strength origi- 
nally fatal to the bacillus is now without effect. Does this not mean the de- 
velopment of a new character? Now, if the bacillus be grown through several 
generations in media free from this poison, and then transferred to a medium 
containing many times the originally minimum fatal proportion of the poison, 
and if it develops, does it not show that the acquired character has been in- 
herited ? 

Twort took a strain of the typhoid bacillus which had no action on lactose 
or dulcite, and after two years of training it acquired the property of ferment- 
ing these substances and it retained this acquired function after it had been 
grown on agar and passed through guinea-pigs. During this time it remained 
agglutinable with typhoid serum. When grown on litmus-lactose plates ninety- 
six per cent of the colonies were red. Typhoid bacilli capable of fermenting 
lactose have been found in the stools of typhoid patients. It is probable that 
this function is acquired in the intestines of patients fed on milk. However, this 
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function is rare in typhoid bacilli and there is no reason for supposing that this 
organism under natural conditions contains a lactose. Penfold has adapted 
typhoid bacilli to growth on media containing dulcite. The first growths develop 
traces of acid within from five to fifteen days. After a month’s training abun- 
dant acid is developed within from one to four days, and after two months the 
amount of acid developed within from one to three days may be sufficient to 
kill the bacilli. When this function of fermenting dulcite has been fully de- 
veloped, the bacillus retains it even after twenty-five transplantations on media 
free from this substance. In like manner the typhoid bacillus has been trained 
to ferment arabinose and rhamnose. Saisawa found that a strain which had 
been trained to ferment rhamnose retained this function after sixty trans- 
plantations on agar free from this substance. Ordinarily the typhoid bacillus 
decomposes glycerine with the development of acid, but in a smal! milk epidemic 
Mandelbaum found a strain which decomposes glycerine with the production 
of alkali. This unusual property was retained throughout a year of observation 
with frequent transplantation. Otherwise, in cultural properties this strain cor- 
responds with the orthodox bacillus and it agglutinates with typhoid serum. In 
the dung of the cows from which the milk came this strain was found associated 
with the typical typhoid bacillus, but in the patients the typical bacillus could 
not be found. In the course of two years, Haendel and Baerthlein increased the 
resistance of the typhoid bacillus to quinine twenty-eight fold. It is worthy of 
note that in increasing the resistance of bacteria to poisons the progress is not 
along a uniformly ascending line, but that there are plateaus with no increase 
followed by abrupt ascents, such as are observed in the training of the nerve 
cells of man. The plasticity ot the paratyphus and Gartner groups seems to be 
unusually great and many mutation types with changes in both form and func- 
tion have been reported. I will refer to only one. [roddaert found that a 
typical paratyphus strain, shown to be homogeneous, decreased in agglutination 
to its homologous serum after passage through one rabbit, decreased more after 
passage through a second and failed wholly to agglutinate after passage through 
a third rabbit. This alteration was still in evidence after six months. 

The chromogenic bacteria, such as the prodigiosus, are easily converted 
into colorless growths by high temperature, the presence of inhibiting substances 
and the exclusion of air. In some instances this variation persists through many 
generations after return to usual conditions. Whether such a loss of function 
even when inheritable, should be regarded as a mutation is a question about 
which there is marked difference of opinion among students of this subject. 
For my purpose it makes but little difference whether the alteration manifests 
itself in the acquisition of a new character or the loss of one hitherto possessed. 
In either case I hold there is a change in intramolecular structure. 

Mutation has been observed so frequently in the colon bacillus that sev- 
eral strains have been reported under the name of coli mutabile. This is easily 
understood when we think of the widely variable and diverse conditions under 
which this bacillus develops in the intestines of different species of animals and 
in different individuals of the same species. In many gastro-intestinal disturb- 
ances the stools are found to contain colon bacilli which differ from those of 
normal stools in one or more characteristics. These departures from the usual 
may be manifested in form, in virulence, in fermentative activity, and in motil- 
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These unusual characters often persist through many generations of growth 


ity. 
Such mutations have been observed by Massini, 


on ordinary culture media. 
Burk, Muller, Penfold, and others. 

The relation between diphtheria and pseudodiphtheria bacilli has not been 
conclusively shown. Fox (Jour. Med. Research, xxxii, 309, 1915) has reviewed 
this subject and concludes that there is no prooi that a mutation has been se- 
cured artificially, but there is reason to believe that diphtheria bacilli in the ani- 
mal body become atypical, lose in virulence, and vary in form and cultural 
properties. The diphtheria bacillus ferments glucose, maltose and dextrine but 
never saccharose; the pseudobacillus ferments saccharose, maltose and dextrine. 
The former varies widely in virulence and may be avirulent; the latter is only 
slightly virulent, though it may cause endocarditis, angina and otitis. Romer 
(Ber. klin. Wochenschft, 1914, 503) starting with typical diphtheria strains, 
believes that he has secured transition forms by frequent passage through guinea- 
pigs. This supports the older findings of Bernhardt and Paneth. Many in- 
vestigators agree that atypical forms are often present in the blood and urine of 
those ill with or convalescing from diphtheria. Trautmann and Gatigens took 
a typical pseudodiphtheria bacillus, which they found in the nasal secretion of 
a child sick with diphtheria and claim that they converted it into a typical diph- 
theria bacillus. This is important if true, because while the conversion of a 
diphtheria baciilus into a pseudoorganism may be regarded as a degenerative 
change, the reverse cannot be so considered. 

Probably the most notable and striking demonstration of mutation in bac- 
teria is seen in the work of Rosenow (Journ. of Infectious Diseases, xiv, 1, 
1914), who has converted hemolytic streptococci from a wide range of sources, 
such as erysipelas, scariet fever, puerperal fever, arthritis, tonsillitis, cow’s milk, 
etc., into strp. viridans, strp. mucosus, and typical pseudopneumococci; strp. viri- 
dans into strp. mucosus, strp. hemolyticus and strp. rheumaticus; strp. mucosus 
into strp. viridans and strp. hemolyticus; strp. rheumaticus into strp. viridans and 
pneumococci. ‘In order to meet the objections that even though every ordi- 
nary precaution was taken to obtain pure cultures, I was working with mixtures 
whenever mutation was observed, cultures of each main variety were obtained 
from single organisms by the Barber method. ‘The same results were obtained 
with three of these pure line cultures of hemolytic streptococci, six of strp. vir- 
idans, and two each of strp. mucosus and pneumococcus. Hence the changes 
observed are not due to mixtures or to so-called ‘mass selection’ but to actual 
changes wrought under the influence of changed environment. ‘The transforma- 
tion of some of the strains has been found to be complete by every test known. 
Thus, the morphology, the presence of capsule, the fermentation process, the 
solubility or insolubility in bile, and in salt solution, the behavior toward the re- 
spective broth culture filtration (Marmorek’s test), the specific immunity 
response, as manifest by the production of opsonin and agglutination by anti- 
pneumococcus and antistreptococcus serum, and the more or less specific patho- 
Strains that corresponded to hemolytic strep- 


genic powers have been studied. 
tococci have been converted into typical pneumococci as determined by all the 


above tests and vice versa. The changes observed have frequently the char- 
acteristics of true mutations because they appear suddenly, under conditions 
more or less obscure and because the newly-acquired properties persist unless 


| 
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the organisms are again placed under special conditions. A pre-mutational stage 
seems to be necessary because the same strain will not yield mutants when placed 
under what seem to be identical conditions at different times. The underlying 
conditions which tend most to call forth changes are, first favorable conditions 
for luxuriant growth and then under uniavorable conditions—under stress or 
strain. ‘These seem to call forth new or iatent energies which were previously 
not manifest and which now have gained the ascendency and tend to persist. 
This fact makes it difficult to obtain mutations outside of the body with highly 
virulent strains, because they die before there is opportunity for the organisms 
to adjust themselves to the new conditions. It explains also why injection into 
cavities makes for greater changes than intravenous injections of moderately 
virulent organisms. Apparent mutations in animals have been observed almost 
exclusively in closed cavities such as joints and pericardium, and here mostly 
when the tissues of the host were gradually getting the upper hand and the or- 
ganisms were being destroyed. The mutations in vitro may be spoken of as 
retrogressive and those observed in animals as progressive because in the former, 
virulence, fermentation powers and other evidences of a vigorous vegetative 
life are diminished, whereas in the latter they are usually increased.” 

evidence of mutation in bacteria might be multiplied many times. It is 
shown in changes in form, in capsule formation, in the production of spores, in 
alteration in virulence, ete., but 1 think that I have collected eneugh data to con- 
clusively show that in bacteria acquired characters are in part at least inherit 
able. The mechanism of this will be discussed in a subsequent number of this 
journal. —V.C. V. 


Etiology of Hodgkin’s Disease 


Q* of the difficult problems for bacteriologists in the last two years has 

been that of passing judgment on the etiological relationship between the 
diphtheroid organism, first cultivated by Negri and Mieremet in Europe, and 
very soon afterward in this country by Bunting and Yates, from Hodgkin’s 
disease. Fraenkel and Much had described small rod-shaped granules or ‘‘splin- 
ters” morphologically found in the material obtained from Hodgkin's glands in 
12 out of 13 cases after treatment with antiformin. These first observers be- 
lieved their rods to be closely related to or possibly derivatives of tubercle bacil- 
li. Negri and Mieremet,' in cultural studies of similar glands, obtained diph- 
theroid rods, on special media, under aerobic conditions, which suggested to 
them etiological relationship since, of course, for many years the infectious na- 
ture of Hodgkin’s disease had been suspected. Bunting and Yates’ in 1913 pub- 
lished a preliminary note in the Archives of Internal Medicine in which they 
announced the cultivation of a pleomorphic diphtheroid obtained on Dorset’s 
egg medium and on glycerine phosphate agar. Later it grew on “ordinary agar” 
and could be cultivated aerobically or anaerobically. In some of their tubes 
there was associated with this organism a white staphylococcus. They mention 
another case obtained through Dr. E. C. Rosenow in which the cultivation was 
292 


INegri and Mieremet: Centralblatt f. Bakt., orig. vol. 68, 1913, p. 
*Bunting and Yates: Archives Internal Med., vol. 12, 1913, p. 236. 
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ity. These unusual characters often persist through many generations of growth 
on ordinary culture media. Such mutations have been observed by Massini, 
Burk, Muller, Penfold, and others. 

The relation between diphtheria and pseudodiphtheria bacilli has not been 
conclusively shown. Fox (Jour. Med. Research, xxxii, 309, 1915) has reviewed 
this subject and concludes that there is no proof that a mutation has been se- 
cured artificially, but there is reason to believe that diphtheria bacilli in the ani- 
mal body become atypical, lose in virulence, and vary in form and cultural 
properties. The diphtheria bacillus ferments glucose, maltose and dextrine but 
never saccharose; the pseudobacillus ferments saccharose, maltose and dextrine. 
The former varies widely in virulence and may be avirulent; the latter is only 
slightly virulent, though it may cause endocarditis, angina and otitis. Romer 
(Ber. klin. Wochenschft, 1914, 503) starting with typical diphtheria strains, 
believes that he has secured transition forms by frequent passage through guinea- 
pigs. This supports the older findings of Bernhardt and Paneth. Many in- 
vestigators agree that atypical forms are often present in the blood and urine of 
those ill with or convalescing from diphtheria. Trautmann and Gatigens took 
a typical pseudodiphtheria bacillus, which they found in the nasal secretion of 
a child sick with diphtheria and claim that they converted it into a typical diph- 
theria bacillus. This is important if true, because while the conversion of a 
diphtheria bacillus into a pseudoorganism may be regarded as a degenerative 
change, the reverse cannot be so considered. 

Probably the most notable and striking demonstration of mutation in bac- 
teria is seen in the work of Rosenow (Journ. of Infectious Diseases, xiv, 1, 
1914), who has converted hemolytic streptococci from a wide range of sources, 
such as erysipelas, scariet fever, puerperal fever, arthritis, tonsillitis, cow’s milk, 
etc., into strp. viridans, strp. mucosus, and typical pseudopneumococei; strp. viri- 
dans into strp. mucosus, strp. hemolyticus and strp. rheumaticus; strp. mucosus 
into strp. viridans and strp. hemolyticus; strp. rheumaticus into strp. viridans and 
pneumococci. “In order to meet the objections that even though every ordi- 
nary precaution was taken to obtain pure cultures, I was working with mixtures 
whenever mutation was observed, cultures of each main variety were obtained 
from single organisms by the Barber method. The same results were obtained 
with three of these pure line cultures of hemolytic streptococci, six of strp. vir- 
idans, and two each of strp. mucosus and pneumococcus. Hence the changes 
observed are not due to mixtures or to so-called ‘mass selection’ but to actual 
changes wrought under the influence of changed environment. The transforma- 
tion of some of the strains has been found to be complete by every test known. 
Thus, the morphology, the presence of capsule, the fermentation process, the 
solubility or insolubility in bile, and in salt solution, the behavior toward the re- 
spective broth culture filtration (Marmorek’s test), the specific immunity 
response, as manifest by the production of opsonin and agglutination by anti- 
pneumococcus and antistreptococcus serum, and the more or less specific patho- 
genic powers have been studied. Strains that corresponded to hemolytic strep- 
tococci have been converted into typical pneumococci as determined by all the 
above tests and vice versa. The changes observed have frequently the char- 
acteristics of true mutations because they appear suddenly, under conditions 
more or less obscure and because the newly-acquired properties persist unless 
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the organisms are again placed under special conditions. A pre-mutational stage 
seems to be necessary because the same strain will not yield mutants when placed 
under what seem to be identical conditions at different times. The underlying 
conditions which tend most to call forth changes are, first favorable conditions 
for luxuriant growth and then under uniavorable conditions—under stress or 
strain. ‘These seem to call forth new or iatent energies which were previously 
not manifest and which now have gained tie ascendency and tend to persist. 
This fact makes it difficult to obtain mutations outside of the body with highly 
virulent strains, because they die before there is opportunity for the organisms 
to adjust themselves to the new conditions. It explains also why injection into 
cavities makes for greater changes than intravenous injections of moderately 
virulent organisms. Apparent mutations in animals have been observed almost 
exclusively in closed cavities such as joints and pericardium, and here mostly 
when the tissues of the host were gradually getting the upper hand and the or- 
ganisms were being destroyed. The mutations in vitro may be spoken of as 
retrogressive and those observed in animals as progressive because in the former, 
virulence, fermentation powers and other evidences of a vigorous vegetative 
life are diminished, whereas in the latter they are usually increased.” 

vidence of mutation in bacteria might be multiplied many times. It is 
shown in changes in form, in capsule formation, in the production of spores, in 
alteration in virulence, etc., but 1 think that I have collected eneugh data to con- 
clusively show that in bacteria acquired characters are in part at least inherit 
able. The mechanism of this will be discussed in a subsequent number of this 
journal. —V.C. V. 


Etiology of Hodgkin's Disease 


Q*: of the difficult problems for bacteriologists in the last two years has 

been that of passing judgment on the etiological relationship between the 
diphtheroid organism, first cultivated by Negri and Mieremet in Europe, and 
very soon afterward in this country by Bunting and Yates, from Hodgkin’s 
disease. Fraenkel and Much had described small rod-shaped granules or “splin- 
ters” morphologically found in the material obtained from Hodgkin's glands in 
12 out of 13 cases after treatment with antiformin. ‘These first observers be- 
lieved their rods to be closely related to or possibly derivatives of tubercle bacil- 
li. Negri and Mieremet,'’ in cultural studies of similar glands, obtained diph- 
theroid rods, on special media, under aerobic conditions, which suggested to 
them etiological relationship since, of course, for many years the infectious na- 
ture of Hodgkin’s disease had been suspected. [unting and Yates’ in 1913 pub- 
lished a preliminary note in the Archives of Internal Medicine in which they 
announced the cultivation of a pleomorphic diphtheroid obtained on Dorset’s 
egg medium and on glycerine phosphate agar. Later it grew on “ordinary agar” 
and could be cultivated aerobically or anaerobically. In some of their tubes 
there was associated with this organism a white staphylococcus. They mention 
another case obtained through Dr. E. C. Rosenow in which the cultivation was 
292. 


INegri and Mieremet: Centralblatt f. Bakt., orig. vol. 68, 1913, p. 
2Bunting and Yates: Archives Internal Med., vol. 12, 1913, p. 236. 
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carried out on Loeffler’s medium. Bunting and Yates* immediately extended 
their observations by animal experiment, and reported in the same year that 
by repeated injections of these cultures into the right axilla of a monkey they 


were successful in producing progressive enlargement of the axillary lymph- 
nodes. The histology of the nodes was “characteristic of the early stages of 
Hodgkin's disease,” as was the blood picture of the monkey. In the year fol- 
lowing they report' that the histological picture of glands taken three months 
after the inoculation of the monkey “leaves no question as to the relation of 
the lesion to that of human Hodgkin's.” They also reported that they could 
artificially increase the virulence of the organism obiained by them. 
Meanwhile the study of these organisms had also been taken up by Rose- 
now, and Billings and Rosenow® in 1913 reported on their study of 12 cases in 
which they obtained organisms which corresponded with those of Bunting and 
Yates and that of Negri and Mieremet. In all but three cases other organisms 
were associated with the diphtheroids. Incidentally in this paper of Billings 
and Rosenow there is recorded an observation startling to the general bacter- 
iologist in view of the authoritative position of the writers, since it records a 
very striking instance of bacterial mutation from the bacillus to the coccus form 
which tends to shake the long established belief in the stability of morphological 
type in the kingdom of bacteria. They state that single colonies on dextrose 
agar which showed bacilli only in smears yielded in sub-culture a pure culture 
of staphylococcus aerobically, and forms of the bacillus either pure or in mix- 
ture anaerobically on the same medium. ‘These facts,” they say, “suggest 
strongly that the associated staphylococcus is derived from the bacillus.” This 
in itself, if upheld, would constitute a most important bacteriological discovery. 
It would seem that further study on this point should be made either by the 
writers or others because of the entirely new possibility infused into bacteriolog- 
ical work and current opinions thereby. Vaccine treatment by these authors ap- 
parently yielded favorable results. In 6 cases there was uniform and rapid de- 
‘without Reentgen 


crease of the size of the glands, “one of these,” they state, 
treatment.” Dillings and Rosenow do not feel absolutely convinced apparently 
since they felt unjustified at the time of writing in omitting Reentgen therapy 
in their cases. They suggest that if finally the microorganism 1solated from 
the lymphnode is found to be the cause of Hodgkin's disease the use of specific 
vaccines without other treatment might become a proper form of treatment. 
Bunting and Yates in the following year feel more positive. They state their 
belief as follows: “Since our experiments demonstrate that the diphthercid 
organism is pathogenic for the monkey, that it produces a progressive enlarge- 
ment of the lymphnodes with lesions similar to those of Hodgkin's in man, and 
further that the blood changes in the monkey are similar to these in man, we 
feel fully assured of the etiological relationship of the diphtheroid organism 
(bacterium Hodgkini) to Hodgkin's disease.” These results are, of course, of 
the most vital importance and if upheld would constitute a notable achievement 
in medicine. 


The great importance of these communications has led to a considerable 


3Runting and Yates: Jour. Amer. Med. Assn., vol. 61, 1913, p. 1803. 
‘Bunting and Yates: Jour. Amer. Med. Assn., vol. 62, 1914, p. 516. 
‘Billings and Rosenow: Jour. Amer. Med. Assn., vol. 61, 1913, p. 2122. 
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amount of work within the last two years. Lanford® isolated diphtheroids from 
Hodgkin's glands, from tuberculous glands, and from lymphosarcoma. Steele’ 
in 1914 obtained such organisms from a case of lymphatic leukemia. Rosenow~ 
himself in the same year in a study on the isolation of bacteria from tissues, 
reported the finding of diphtheroid-like organisms from the blood in the febrile 
period of four cases of Hodgkin’s disease, but also the finding of similar or- 
ganisms from the blood as from the nodes in two or three cases of erytheme 
nodosum. He also obtained diphtheroid organisms from the blood in 4 cases 
of infections resembling rheumatism. He adds here that ‘a diphtheroid bacil- 
lus showing a wide range of preference for oxygen in the different cases has 
been cultivated in from some 40 odd cases of Hodgkin’s disease.” Summariz- 
ing his work, Rosenow expresses himself strongly in favor of etiological re- 
lationship between the diphtheroid organisms and Hodgkin's disease, but adds 
the saving clause that “the fact that other organisms are commonly found also 
and that diphtheroid bacilli indistinguishable from some of the strains from 
Hodgkin's disease are found in many other conditions compels one to wait for 
more experimental evidence before concluding that these bacilli are the real 
cause of Hodgkin’s disease.” Of great interest, therefore, are the recent studies 
of Rhea and Falconer,” of and of Rhea and Falconer ob- 
tained a diphtheroid organism from Hodgkin's, but up to the time of writing 
obtained no results in monkey inoculation. Bloomfield made a careful bacter- 
iological study of the contents of normal and diseased glands. He studied 
glands from a number of different conditions including Hodgkin’s disease, sar- 
coma, and arthritis, and found that although bacteria were more common in 
the diseased ones he could also obtain bacteria from 2 out of 7 normal glands. 
He obtained a type of small gram-positive bacillus roughly corresponding to 
the diphtheroid described by others, in 4 cases of carcinoma glands, in 2 of 
Hodgkin's, in 2 of lymphosarcoma and in 2 of artiritis. In 4 other cases he 
obtained cocci. Since some of the organisms he isolated corresponded to the 
saprophytes normally found on the surface of the body, he concludes that it is 
not impossible that the lymphatic glands may occasionally filter out such micro- 
organisms, or that possibly there may even be a saprophytic flora which is com- 
monly found in lymph glands without being associated with disease. His facts 
as well as those of Rosenow’s study would seem to indicate rather more def- 
initely that we may be dealing with some such condition as that described by 
Adami as sub-infection, i. e., the presence of microorganisms in the circulation 
and tissues without causing any acute illness, than that we attribute definite 
etiological relationship with any disease to organisms cultivated from diseased 
lymphnodes. 

Fox has compared many diphtheroid organisms, obtained by himself and 
sent to him by others, by extensive morphological and cultural experiments. 
He sums up by saying that “diphtheroid rods may be isolated from Hodgkin’s 
disease and other adenopathies, but there is no uniformity in biology and mor- 
phology among strains isolated by three observers from clinical and pathological 

‘Lanford: Am. Jour. Trapical Dis. and Preventive Med., vol. 2, 1914, p. 191. 

"Steele: Boston Med. and Surg. Journal, vol. 170, 1914, p. 123. 

SRosenow: Jour. Amer. Med. Assn., vol. 63, 1914, p. 993. 

*Rhea and Falconer: Archives Internal Med., vol. 15, 1915, p. 438. 


Bloomfield: Archives Internal Med., vol. 16 (No. 2), 1915, p. 197. 
MFox: Archives Internal Med., vol. 16, 1915, p. 463. 
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Hodgkin's disease.” Diphtheroid rods similar in biology and morphology to 
these are found in Hodgkin’s disease, in cases of chronic atrophic arthritis and 
other conditions. He concludes that “more facts are demanded to show the 
exact relation of the diphtheroids to Hodgkin's disease.” He obtained no favor- 
able results with vaccination; Bloomfield’s experience in this respect was that 
autogenous vaccination seemed to have no effect whatever, either beneficial or 
harmful. 

Reviewing critically then the present status of the bacterial etiology of 
Hodgkin's disease, we do not feel that acceptance of the diphtheroid organisms 
as the etiological factor is as yet justified. In fact, were it not for the definite 
conviction based on histological study especially of such an experienced path- 
ologist as Bunting, we would summarize the bacteriological evidence as render- 


—H. Z. 


ing such etiological relationship unlikely. 


Transmission of Pneumonia 


[' may be remembered by older physicians that some of the European clin- 
icians of the preceding generation, notably Johanessen, on purely clinicai 
evidence advocated the isolation of pneumonia in consideration of the possibility 
that the disease may be transmitted from one person to another. ‘The frequency 
with which pneumococci have been found in the mouths of normal individuals 
has until very recently seemed to preciude such a possibility, it seeming more 
likely that the infection migit proceed from the patient’s own mouth flora un- 
der conditions of depression of resistance or other localized vascular changes 
that favored the penetration of the pneumococcus into the lung. The studies 
of the last few years which have shown that pneumococci, though superficially 
alike, may nevertheless be separated, by agglutination reactions and protection 
experiments on mice, into a number of different types have made possible a re- 
turn to the earlier point of view. It has been pointed out by these studies that 
the first three groups are disease-producing and give rise to three-quarters of 
all cases of lobar pneumonia. <A fourth group, which is responsible for about 
one-quarter of pneumonia, are not easily distinguished from those normally 
found in human mouths. The other three, however, are easy to distinguish 
from the relatively non-virulent ones habitualiy inhabiting the mouth and 
pharynx. The highly virulent forms, moreover, of the first three groups, seem 
to grow in normal mouths only under special conditions. Dochez and Avery’ 
have found in pneumococcus infections with type I and type II the same micro- 
Organisms may appear in the mouths of members of the family or nurses in 
close attendance upon the cases. Such attendants may be “carriers” of this 
type for periods as long as 39 days, the average, however, being less than this. 
Patients recovering from pneumonia may harbor the organisms for consider- 
able periods, varying in these studies from 12 to 90 days counted from the on- 
set of the pneumonia. It is pointed out that both the healthy carrier who has 
obtained his organism from the case and the patient himself after recovery, 
may be active carriers of virulent pneumococci. Inasmuch as these pneumococ- 


1Dochez and Avery: Journal of Exper. Med., vol. 22 (No. 1), 1915, p. 105. 
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ci are distinctly different from those found in the mouth normally, it is not at 
all unlikely that pneumonia may, like typhoid, diphtheria, and some other infec- 
tions, be transmitted from person to person, at least insofar as the passing ot 
the specifically virulent pneumococcus strain is concerned, this giving rise to 
the actual disease only in cases in which such transmission is coincident with 
physiological depression favoring the development of the infection. 


—H. Z. 


Angina Pectoris 


INCE the time when Jenner bet that a certain case of angina pectoris would 
show coronary sclerosis at autopsy,—and won, his belief that the disease 
Was an expression of arteriosclerosis affecting the coronary arteries of the heart 
has been shared by very many physicians. It is believed that under such con- 
ditions of vascular sclerosis, the heart muscles receive barely enough blood for 
its customary needs but is immediately embarrassed when extraordinary de- 
mands are made upon it, and it becomes locally anemic, and probably dilated, 
and pain results, exactly as it does in intermittent claudication, with which con- 
dition angina pectoris was compared by Potani in 1870. There are, however, 
too many instances in which no coronary sclerosis could be demonstrated to 
say that it is the sole cause of the complex. It has been found associated with 
acute dilatation of the heart, in which condition it is said that pain results from 
strain put upon the visceral nerves of that organ. It has also been found in as- 
sociation with neuritis of the cardiac nerves; with vaso-motor conditions which 
have produced transient cardiac conditions analogous to those caused by coro- 
nary sclerosis, and with neuralgias. 

Hirschfelder! gives the following tabulation of the conditions most fre- 

yuently encountered in association with angina pectoris: 
I. Organic lesions. 
A. Coronary sclerosis. 
B. Aneurism, especially of the first part of the ascending aorta, 
and of the sinuses of Valsalva. 
C. Valvular lesions, especially aortic insufficiency. 
D. Adherent pericardium. 
II. Vasomotor anginas. 
A. Hysterical. 
B. Toxic, especially tobacco, and caffeine. 

C. Those associated with hyperthyroidism and exophthalmic 

goitre. 
Ill. Anginoid pains occur in cases of acute cardiac dilatation ot 
healthy heart, as a result of primary cardiac overstrain. 

If one considers only the anatomical lesions which are associated with 
cardiac angina, one sees at once that they may be grouped as of fundamentally 
arteriosclerotic and as dilatations. 

Vaquez, in a recent article? discusses the subject of angina pectoris and 
comes to the conclusion that there are two main types of the disease, one arterial 
which results from aortitis, and one cardiac which results from dilatation. He 
then goes further and states his belief that both are symptoms caused by dilata- 


1Hirschfelder: Diseases of the Heart and Aorta, 1913, p. 374. 
*Vaquez: Archives des Maladies du Coeur, 1915 (8) 45. 
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tion; the one of the aorta, the other of the heart. He calls attention to the 
fallacy of the statistical method upon which the coronary theory 1s partially 
based, and upon the anatomical data which have been used to substantiate it, 
for he says not only is the percentage of cases of true angina associated with 
coronary sclerosis too few, but that a large percentage of cases of coronary 
sclerosis, which have no pain, and also there are not a few cases of typical 
angina in which the coronaries are normal. Furthermore it is known from ex- 
perimental work that obstruction of the coronary circulation leads to profound 
modifications of cardiac rhythm, and these do not occur in the active type of 
angina pectoris. He therefore concludes that when coronary sclerosis occurs in 


angina pectoris, it is merely an epiphenomenon which indicates the location and 
type of arterial conditions which is more probably causal in its relation to the 
disease. He calls attention to the fact that nowhere are the filaments of the 
cardiac plexus as abundant as about the origins of the aorta and of the corona- 
ries. In diseased conditions of the aorta, such as fibrosis and lack of elasticity, 
any strain which tends to dilate the aorta stimulates these nerves and results in 
pain,—in “the angina which is the cry of suffering of the sick aorta.” To ac- 
count for the pain of dilatation, Vaquez says that the sudden dilatation of the 
heart places a strain, which acts as an irritant upon the myocardial branches of 
the cardiac plexus. He disposes of MackKenzie’s theory of cardiac exhaustion 
by calling attention to the fact that while there is a grain of truth in it (because 
perhaps cardiac dilatation is a sequel of myocardial fatigue) there is also a fal- 
lacy, based upon the observation in cases of angina of arrhythmia with alternat- 
ing pulse, and a sudden great fall of blood pressure, both of which are well 
known symptoms of myocardial weakness. The difficulty is that while both may 
occur in angina by ventricular dilatation, in which they invariably follow the 
pain, never precede it, they are as a rule absent in the aortitic form. 

There is much of value in this communication of Vaquez, but one great 
value is that it tends to simplify a subject which has shown a tendency to be- 


—P. G. W. 


come too complicated. 


